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              The study of the ecology of a species has traditionally ceased when that species goes 
extinct, despite the benefit to current and future generations of potential findings. We used the 
Carolina parakeet to develop a framework investigating the distributional limits, migratory 
habits, and extinction process as a means to recover important information. We developed a 
comprehensive database of every known occurrence of this iconic species. Using a combination 
of environmental niche modeling and extinction estimating analyses, our results demonstrate that 
the Carolina parakeet’s range was smaller than previously believed, the eastern and western 
subspecies occupied different niches with broad geographic separation, and that the western 
subspecies was a seasonal migrant while the eastern subspecies was not. We also found that it 
was likely habitat loss played a major role in their extinction. Our study highlights the 
importance of collecting occurrence data of extinct species and provides a framework for further 
investigations of other extinct species. Moreover, the recovery of lost autecological knowledge 
could benefit the conservation of other species currently in decline. 
 Parrot conservation is a pressing matter, as parrots are the most threatened order of birds. 
As we enter the preliminary stages of the “Sixth Mass Extinction,” brought on by habitat 
destruction and climate change, conservation agencies are struggling to face the challenges of a 
less certain future. Further, there is often a barrier between recommendations made by the 
scientific community and implementation by conservation practitioners.  
Kevin R. Burgio – University of Connecticut, [2017] 
Given these risks and disconnect between science and management practice, we 
identified areas of high species richness, functional diversity, and phylogenetic diversity and 
combined them into an Integrated Biodiversity Index (IBI) metric, for the global distribution of 
all parrots to assess if these areas are protected by current conservation efforts and resistant to 
climate change. We identified areas with high IBI that are currently resistant to climate change 
but under-protected; these areas are critical for current and future parrot conservation. We also 
identified pooly protected parrot species in areas especially sensitive to climate change. Our IBI 
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 The sixth mass extinction has dominated ecological research in the last decade, but by 
and large, recently extinct species are a dead end for natural historical inquiry beyond 
paleontological research. Efforts to recover the natural history of recently extinct species have 
been primarily restricted to Pleistocene megafauna (Donlan et al. 2006), although such 
comparisons have largely focused on the ecological suitability of extant surrogates (Richmond et 
al. 2010). Nonetheless, the extent of basic biological and ecological knowledge of recently 
extinct species varies greatly. For some species, an ecological signature remaining in extant 
species may be enough to infer an extinct role, as with the anti-herbivore plant defenses that 
highlight the lost function of elephant birds (Aepyornithidae) in Madagascar and moas 
(Dinornithidae) in New Zealand (Bond and Silander 2007). But the majority of extinctions are 
poorly documented, and conjectures on the ecological role of extinct species has led to 
misinterpretations, as echoed in the multi-decade controversy over, and ultimate rejection of, 
Temple’s hypothesis (Temple 1977) that the extinction of the dodo was the cause of the decline 
of the calvaria tree (Sideroxylon grandiflorum, see Hershey 2004).  
Recent advances in ecological modeling have made the recovery of extinct species’ 
biology more plausible and less perilous. Various new methods provide researchers a more 
formal approach to testing hypotheses, rather than relying on conjecture based on anecdotal 
observations. The potential for rediscovering our lost natural history has been on the minds of 
ecologists with the recent centennial anniversary of the death of the last captive passenger pigeon 
(Ectopistes migratorius) in 1914, and the controversial “resighting” of the ivory-billed 
woodpecker (Campephilus principalis, Fitzpatrick et al. 2005 but see Sibley et al. 2006). Indeed, 




Gotelli et al. 2012; Stanton, 2014; Hung et al. 2014), but this research largely focuses on 
attempts to determine exact extinction dates and immediate causes of extinction. By contrast, 
another iconic, extinct, North American bird, the Carolina parakeet (Conuropsis carolinensis), 
has received relatively less attention, especially over the past 30 years.  
The most recent estimated extinction date of the Carolina parakeet is 1915 (Elphick et al. 
2010), with the last captive individual dying in 1918 in the Cincinnati Zoo (curiously, in the 
same zoo the last captive passenger pigeon died four years earlier; Laycock 1969), though it is 
likely the species persisted until the 1930s or beyond (Snyder 2004). By the time the Carolina 
parakeet was subjected to any sustained attention by ornithologists, it was already deemed too 
late to learn much about their biology, so most pre-extinction research focused on preserving 
specimens for museums (Snyder 2004). Natural history accounts of the Carolina parakeet come 
primarily from early American ornithologists, such as Alexander Wilson and John J. Audubon. 
Although fairly common during the time of Wilson and Audubon, their descriptions are rife with 
speculation and second-hand reports, which increase the uncertainty about even the most basic 
understanding of this species’ biology. Other than the extensive historical research done by 
McKinley (e.g. McKinley 1960, McKinley 1977) and Snyder (e.g. Snyder 2004), little research 
has been conducted on the Carolina parakeet since its extinction, and that research has 
highlighted our lack of even basic natural history knowledge of the species. 
Understanding the ecological impact of species – whether extinct or extant – on their 
environments, is a fundamental component of community and restoration ecology. Thus, despite 
being deceased, many key questions remain regarding the biology and ecological role of the 
Carolina parakeet. Specifically, the ecological validity of the two named subspecies (C. c. 




equivocal (Snyder and Russell 2002). Moreover, the Carolina parakeet’s historic range is poorly 
documented, due primarily to a lack of formal observation. Central to the question of distribution 
is how a member of a tropical clade of parrots (see Kirchman et al. 2012) survived, ecologically 
and physiologically, in a native range throughout much of eastern temperate North America. 
Throughout the early accounts and post-extinction discussions, naturalists and ornithologists 
disagreed about whether or not Carolina parakeets migrated or seasonally shifted their range (for 
a detailed discussion, see McKinley 1977). However, many historical accounts give conflicting 
information, making it difficult to determine to what extent, if at all, Carolina parakeets migrated 
to survive cold temperatures in the northern parts of their range.  
Here, we construct a comprehensive dataset uniting and carefully georeferencing 
historical observations from all known accounts of the species with information contained in 
preserved museum specimens to: (1) empirically delineate the climatic niche and range of the 
Carolina parakeet; (2) test for differences in the climatic associations between the two purported 
subspecies; and (3) assess evidence for seasonal migration through climatic niche shifts. 
Evaluating these questions with a novel dataset provides an opportunity to recover seemingly 
lost autecological information about an extinct species, and to start to understand the ecological 
context of the Carolina parakeet in North American temperate forest and plains ecosystems. 
Doing so gives us a reasonable starting point for understanding how a cosmopolitan species 
became extinct in a rapid decline riddled with conflicting reports of causation. Our analysis also 
provides a framework for recovering similar information about other lost species which may help 
in investigating the causes of range contraction and species extinction, and aid reintroduction 






We collected and geo-referenced locality data from Carolina parakeet specimens found in 
natural history collections around the world (n = 396; see Appendix 1 for list of natural history 
collections) and observations of Carolina parakeets published in the literature from 1564 to 1938 
(n = 396 [sic]; see Appendix 2 for list of citations), using guidelines established by Chapman and 
Wieczorek (2006), and the software GEOLocate (Rios and Bart 2010). Rather than using 
coordinates already associated with museum specimens, we chose to re-estimate all geographical 
coordinates based on collection locality names to ensure consistency throughout the dataset. 
Given that place names and geographical extents have changed much in the past few hundred 
years in North America, we paid special attention to historically-relevant maps and field journals 
of specimen collectors when selecting coordinates and measuring uncertainty for each 
occurrence point.  
After georeferencing, we split the dataset by subspecies. We considered all occurrence 
points west of the Appalachian crest and west of Alabama to represent C. c. ludovicianus (n = 
299) and points east of the Appalachian crest and east of Mississippi to represent C. c. 
carolinensis (n = 493). These broad geographic delineations are generally accepted as the range 
limits of the two subspecies (Ridgway 1916, Swenk 1934), and are consistent with the 
subspecies identifications listed on all 261 labeled museum specimens. 
To prepare occurrence data for analysis, we first removed all duplicate sightings (i.e. 
sightings with more than one observation / specimen at the same location). We next removed 
vagrant sightings (n = 23) from the analysis, consistent with IUCN’s definition of a species’ 
range (Gärdenfors et al. 2001), which included all sightings from states where Carolina parakeets 




breeding season. This rule excluded observations from the U.S. states of Colorado, Maryland, 
Michigan, Minnesota, New Jersey, North Dakota, Pennsylvania, and South Dakota. The removal 
of likely vagrants also is known to improve distributional model performance (Soley-Gaurdia et 
al. 2014). We also removed occurrence points from analyses if the radius of uncertainty 
associated with a point was greater than 5 km, as this level of uncertainty reduces the accuracy of 
resulting species distribution models (Graham et al. 2008). This procedure limited our combined 
specimen and observation dataset to a total of 330 high-quality and unique georeferenced 
occurrence points across both subspecies.  
To avoid overfitting models due to spatial autocorrelation, we further thinned each 
subspecies’ dataset using the “spThin” R package (Aiello-Lammens et al. 2015). We used a 
nearest-neighbor distance of 9 km, which corresponds to the typical home-range size for small to 
medium-sized parrots belonging to the Carolina parakeet’s subfamily Arinae (Vehrencamp et al. 
2003), since the Carolina parakeet’s home-range size is undocumented. After thinning data, 147 
unique georeferenced locations were used in the analyses (C. c. ludovicianus n = 99; C. c. 
carolinensis n = 48). 
The extent of analysis, and therefore, selection of 1000 background samples – “pseudo-
absences” (Merow et al. 2013) – was confined to the specific set of North American ecoregions 
(Olson et al. 2001) where each subspecies of Carolina parakeet was observed historically. This 
approach allows a more meaningful assessment of each subspecies’ niche by including areas that 
were accessible to the species (Soberon and Peterson 2005, Barve et al. 2011). Using extents 
with no biological basis (i.e. geopolitical boundaries) can artificially inflate evaluations of model 
fit (i.e., area-under-the-curve, AUC), giving false confidence in the validity of the model 






We derived 19 climatic variables (e.g. mean annual temperature and mean annual 
precipitation; see Hijmans et al. 2005 for variable descriptions) from a 30-year window of 4 km 
resolution climate data (1895 – 1924) downloaded from the PRISM Climate Group (Oregon 
State University, http://prism.oregonstate.edu, created 4 Feb 2004) using the “dismo” package (v. 
2.13.0, Hijmans et al. 2012) in R (R Core Team 2013). We used the 1895 – 1924 time-frame 
because it overlaps with the final period during which the Carolina parakeet was extant and 
avoids the climate warming trend that started around 1950 (see Stanton 2014).  
 
Subspecies niche comparison 
To test for potential differences between each subspecies’ climatic niche, we divided the 
occurrence data by subspecies and used niche-equivalency tests (Warren et al. 2008) of ordinal 
niche comparisons (Broennimann et al. 2012) in the R package “ecospat” (v. 1.1; Di Cola et al. 
2017) to test for differentiation between climatic niches of the purported subspecies. However, 
some have argued that niche identity tests are likely to overpredict differences between species, 
suggesting that Warren et al.’s (2008) background test, which corrects for the environmental 
covariate space in the species’ available area (Peterson 2011). We implement both analyses in 
the R package “ENMTools” (v. 0.1, Warren et al. 2010), using a 90% minimum training 
presence threshold for environmental space, applied to a PCA of the climate variable set. 
 




We used MaxEnt (Phillips et al. 2006) in the R package “dismo” (v. 2.13.0, Hijmans et al. 
2012) to generate species distribution models for each subspecies independently. Since the 
Carolina parakeet was the only native parrot to the United States, and its biology is so poorly 
understood, we had no a priori expectations as to which climate variables may have been 
important in determining their range limits. So, rather than use all 19 bioclimatic variables 
available (sensu Hijmans et al. 2005), we limited our analysis to six climate variables (annual 
mean temperature, mean diurnal range, temperature seasonality, mean temperature of driest 
quarter, annual precipitation, and precipitation of the warmest quarter), as these variables have 
been shown to generally be the most important when building species distribution models for 
North American birds and are minimally correlated with one another (Barbet-Massin and Jetz 
2014).  
Once generated, the MaxEnt species distribution models were “tuned” using the R 
package “ENMeval” (v. 0.2.0, Muscarella et al. 2014), which uses a checkerboard cross-
validation method to compare the Akaike Information Criterion (AIC) of MaxEnt models under 
all combinations of model feature types to select the features that maximize the predictive ability 
of the model (Muscarella et al. 2014). We then selected the parameterizations that resulted in the 
model with the lowest AIC to run the final MaxEnt models (for AIC scores and parameters, see 
Table S3). Using the results of the tuned MaxEnt models, we generated distribution maps with a 
thresholded value which maximized the True Skill Statistic, which optimizes specificity and 
sensitivity (Liu et al. 2005). Whereas approaches like thresholding based on kappa have received 
some criticism in the literature, the TSS approach is accurate independent of prevalence 




presence based methods (which might be particularly sensitive to outlying points and unremoved 
vagrants in our 500 year dataset).  
 
Seasonal shifts 
We evaluated differences between the breeding season and winter for each subspecies, 
separately, by first removing all data without month or season information and binning the 
resulting occurrence data into the “breeding period” (March – August, Snyder and Russell 2002; 
C. c. ludovicianus n = 57 and C. c. carolinensis n = 33) and “winter” (all observations falling in 
December, January, or February; C. c. ludovicianus n = 35 and C. c. carolinensis n = 41). For 
these analyses, we excluded occurrence data that fell outside the breeding period and winter (i.e. 
part of spring and fall). We used niche-equivalency tests (Warren et al. 2008) of ordinal niche 
comparisons (sensu Broennimann et al. 2012) run in the R package “ecospat” (v. 1.1, di Cola et 
al. 2017) to evaluate differences between the climatic niche of each season for each subspecies 
using all 19 bioclimatic variables. Lastly, we generated MaxEnt SDMs in the R package “dismo” 
(v. 2.13.0, Hijmans et al. 2012), based on the parameterization resulting in the lowest AIC model 
in the R package “ENMEval” (v. 0.2.0, Muscarella et al. 2014) for each subspecies, using the 




 Species distribution models (SDMs) indicated that the two subspecific Carolina parakeet 
groupings differed in climatic niche (Figs. 1 and 2) with significantly little environmental 




et al. 2008), found that once the differences in environmental background were accounted for, 
the subspecies’ niches were not significantly different (Schoener’s D, p = 0.267; Warren’s I, p = 
0.327; Fig. 2d, 2e). The two groupings additionally responded to different climate variables. For 
example, mean temperature of the coldest quarter was the most important climate variable 
contributing to the distribution of C. c. ludovicianus (33.9% contribution to model) while mean 
annual temperature was most important variable for C. c. carolinensis (68.4% contribution to the 
model). Thus, rather than creating a single spatial model for the entire species, we created two 
separate models, one for each subspecies (Fig. 1). The AUC values for the C. c. ludovicianus and 
C. c. carolinensis models were 0.790 and 0.814, respectively, indicating adequate model fit 
(Figs. S1 and S2).  
 We further evaluated whether each subspecies underwent seasonal migrations by testing 
for equivalency of climatic niches across seasons. Our results documented a significant 
difference between the winter and breeding season climatic niche for C. c. ludovicianus (D = 
0.684, p = 0.0396; Figs. 3a, 3c, and S4); however, there was no significant difference for C. c. 
carolinensis (D = 0.803, p = 0.851; Figs. 3b, 3d, and S5). Season-specific distribution models 
showed high degrees of model fit (AUC values: C. c. ludovicianus breeding = 0.863 and winter = 
0.885, Figs. 3a, S6, and S7; C. c. carolinensis breeding = 0.845 and winter = 0.916, Figs. 3b, S8, 
and S9).   
 
Discussion 
Our results provide strong evidence that the Carolina parakeet’s range was likely much smaller 
than previously believed (Fig. 1) and was divided across two geographically distinct ranges. 




(Fig. 2). This finding of range size, however, may help partially explain why the Carolina 
parakeet went extinct as quickly as it did, as populations with smaller range sizes are more 
vulnerable to extinction (Payne and Finnegan 2007). This finding is parsimonious with psittacine 
ecology, as the previous estimate of their range size was more than 10 times larger than the 
average range size of all other recently extinct parrot species (Olah et al. 2016).  
Comparisons of seasonal distribution models indicate that the western subspecies may 
have moved between breeding and winter seasons, whereas the eastern subspecies appears to 
have not (Fig. 3). These results also suggest that the subspecific taxonomy may, in fact, be valid, 
despite the fairly ambiguous morphological evidence previously used to support two separate 
subspecies (Snyder and Russell 2002). Although preliminary genetic work has gone as far as to 
place the Carolina parakeet within the subfamily Arinae in the parrot phylogeny (Kirchman et al. 
2012), further genetic testing could be targeted to verify the validity of these subspecies, and to 
explore whether or not gene flow existed between the two subspecies in areas where they may 
have overlapped in the southeastern United States. 
 Previous range maps for this species were generated by drawing a polygon encompassing 
all of the most distant areas in which the Carolina parakeet had been reported (see Snyder and 
Russell 2002, Hasbrouck 1891; Fig. 1). Our results suggest that the Carolina parakeet’s range 
was much smaller than previously believed (Fig. 1a), including being smaller than a recently 
published model of the Carolina parakeet's distribution (Peers et al. 2016), which used a smaller 
dataset that included occurrences of presumed vagrants and did not account for incorrect or 
highly uncertain georeferences in online databases. Moreover, there are no recorded sightings of 
Carolina parakeets at higher elevations in the Appalachian or Ozark Mountains, an absence 




managed to live through cold winters in parts of the Midwest, the fact that they were not found in 
the higher elevations is perplexing. A possible explanation may be that Carolina parakeets are 
most frequently associated with bald cypress (Taxodium distichum), as both an important food 
source and nesting tree (Snyder and Russell 2002). Bald cypresses generally grow only at 
elevations less than 30 meters above sea level (Folwells 1965). Overall, the native range of the 
bald cypress (Little 1971) overlaps almost completely with the range of C. c. carolinensis and the 
year-round portion of the range of C. c. ludovicianus (Figs. 1 and 3a).  
 Finally, our findings on seasonal migration corroborate the suspicions of McKinley 
(1977), who conjectured that C. c. ludovicianus shifted its range away from the northwest 
portion of its distribution in the winter. Although there are documented observations of Carolina 
parakeets during temperatures as low as -30o C in Nebraska (Wilson, 1811) and -32o C in 
southern Indiana (Wied, 1839), it is unclear if Carolina parakeets could have survived such low 
temperatures for a sustained period. Our results provide ecological evidence that C. c. 
ludovicianus migrated between seasons, while the eastern subspecies, C. c. carolinensis, did not 
(Fig. 3). Such a marginal migration pattern is found in other forest-dwelling non-passerines, such 
as the red-headed woodpecker (Melanerpes erythrocephalus), which has a very similar (though 
slightly larger) range that shifts south-easterly out of the upper Midwest U.S. in the winter (Frei 
et al. 2015) depending on food availability (Smith 1986). Insufficient data on C. c. carolinensis 
outside of Florida may contribute bias to our results that fail to support a seasonal migration 
within that range; however, given that there are comparable numbers of observations in both 





 Seasonal migration should be considered as just one of a number of adaptations that 
could have helped Carolina parakeets persist in colder areas than their closest relatives, which 
are largely tropical in distribution (Kirchman et al. 2012). For example, Carolina parakeets 
roosted communally in tree cavities year-round, and had fully-feathered ceres (Snyder and 
Russell 2002). Both traits may have had thermoregulatory benefits in seasonally cold climates. 
Whether or not the species entered torpor is unknown, but anecdotal observations of difficult-to-
rouse individuals are strongly suggestive of this additional adaptation to cold-stress (Snyder and 
Russell 2002, Butler 1892). However, since there are many observations of active Carolina 
parakeets during the winter, torpor would have likely been entered only briefly and facultatively 
(e.g., at night). Given our results, it is likely that a combination of minor seasonal shifts, 
gregarious roosting, and perhaps other adaptations allowed Carolina parakeets to persist in the 
colder parts of their range. This mix of characteristics is also found in an extant parrot species 
well-known for surviving in cooler climates, the monk parakeet (Myiopsitta monachus), which 
are largely sedentary but also have a fully-feathered cere and roost communally throughout the 
year (Burgio et al. 2016). The monk parakeet now persists in multiple invasive colonies 
throughout the former range of the Carolina parakeet.  
 
Future Directions 
The task conservation faces after a species’ extinction is ambiguous. As a crisis 
discipline, conservation’s focus is generally on identifying actions to apply to species that might 
still be saved. But if we hope to conserve the estimated 7.9% of all species threatened with 
extinction in the near future from climate change (Urban 2015), we must understand extinction as 




component of the crucial, last step in understanding extinction as a process: the end, when 
species actually go extinct. Our study demonstrates that the loss of a species does not necessarily 
mean a loss of information about its natural history – information that may prove useful in 
uncovering the factors that led to the species’ extinction and in informing modern conservation 
programs focused on threatened, closely related species.  This point is especially prescient with 
respect to parrots, as they are the most threatened avian order, with 42% of all parrot species 
listed as threatened or endangered by the IUCN (Marsden et al. 2015).  
Although our study relied on the use of ecological niche modeling, numerous other tools 
can be applied to posthumously investigate natural history. Stable isotope ecology provides 
critical insights into diet (Hildebrand et al. 1996), metabolism (Nelson et al. 1998), and even 
migration (Hoppe et al. 1999). Genetic work in conjunction with morphological analyses can be 
used to study population structure (Mona et al. 2010) and to resolve evolutionary history and 
species boundaries (Avise and Nelson 1989, Leonard et al. 2005), to clarify the identity of 
ambiguous specimens like eggs (Chilton and Sorenson 2007), and even to propose hybrid species 
origins (Roy et al. 1994). We advocate for the application of these methods in conjunction with 
the spatial tools as a more formalized toolbox for recovering the biology of extinct species, and 
more generally, exploring the extinction process. We suggest genetic and stable isotope work as 
a future direction for research on the Carolina parakeet and other recently extinct species. With 
new information on the basic biology emerging from this and future studies, as well as a 
spatiotemporal dataset lending itself to extinction-relevant modeling, we believe it may soon be 
possible to re-open the “cold case” of the Carolina Parakeet’s extinction, and more rigorously 




Finally, recovered autecological information about extinct species may have practical 
applications. For instance, the Carolina parakeet is considered one of the best candidates for “de-
extinction” (Seddon et al. 2014). De-extinction is a process in which DNA is extracted from 
museum specimens and used in efforts to "bring back" extinct species (Sherkow and Greely 
2013). As more and more species go extinct, conservation options become more limited, which 
may make such a controversial idea more appealing. Although ethical and practical issues 
surround this approach to conservation (see Sandler 2014, Nogués-Bravo et al. 2016), the de-
extinction literature is expanding rapidly. So far, much attention has focused on selecting species 
that are good candidates for de-extinction (Seddon et al. 2014) and on the development of 
techniques required to bring back an extinct species (Church and Regis 2012). While initial 
research on evaluating habitat suitability for potential de-extinction projects has just begun (e.g. 
Peers et al. 2016), the best possible knowledge of the inhabited environment, realized niche, and 
autecology of any candidate species will be required to successfully reintroduce populations into 
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Fig. 1. (a) Map showing the results of the MaxEnt SDMs of C. c. ludovicianus (blue) and C. c. 
carolinensis (green) with areas of overlap in light green. The heavy red outline is the range 
boundary from the map drawn by Hasbrouck (1891). The panels on the right are the non-zero, 
variable contribution results generated from the MaxEnt SDM models for C. c. ludovicianus (b) 








Fig. 2. Results of the “within environment” PCA niche equivalency analyses between the 
western (a) and eastern (b) subspecies of the Carolina parakeet. The shading reflects the density 
of occurrences of each subspecies per cell (i.e. darker areas have a higher density), the solid line 
within the PCA space represents 100% of the available climate space, and the dotted lines 
represent 50% of the available climate space. (c) The red flag is the empirical niche overlap (D = 
0.28) and the histograms represent the simulated overlap between the two subspecies. For the 
PCA correlation circle, see Fig. S3. (d) Correcting for background differences between the 
subspecies’ accessible area, no significant difference can be found between the subspecies in 
Schoener’s D (p = 0.267) or (e) in Warren’s I (p = 0.327)—indicating that apparent differences 








Fig. 3. Maps show MaxEnt SDMs generated from occurrence data partitioned by “breeding” 
season (March through August; orange) and the winter months (December through February; 
blue), with areas of breeding and winter model overlap in purple for C. c. ludovicianus (a) and C. 
c. carolinensis (b). For full prediction maps, see Figs. S6 – S9. The lower panels show the results 
of the “within environment” PCA niche equivalency between the breeding and winter months for 
C. c. ludovicianus (c): D = 0.684, p = 0.0396); and C. c. carolinensis (d): D = 0.803, p = 0.851. 
In both (d) and (b), the solid lines within the PCA space represent 100% of the available climate 
space and the dotted lines represent 50% of the available climate space. For the PCA correlation 
circles and niche equivalency histograms for both C.c. carolinensis and C. c. ludovicianus, see 










settings features rm full.AUC Mean.AUC Var.AUC Mean.AUC.DIFF AICc delta.AICc w.AIC nparam
LQ_0.5 LQ 1 0.768 0.759 0.003 0.023 2305.230 0.017 0.172 7
LQ_1 LQ 1 0.768 0.757 0.003 0.024 2305.213 0 0.174 7
LQ_1.5 LQ 2 0.769 0.756 0.003 0.024 2306.117 0.903 0.111 7
LQHP_3 LQHP 3 0.775 0.758 0.003 0.023 2306.845 1.632 0.077 11
LQHPT_3 LQHPT 3 0.776 0.758 0.003 0.026 2306.048 0.834 0.114 11
settings features rm full.AUC Mean.AUC Var.AUC Mean.AUC.DIFF AICc delta.AICc w.AIC nparam
LQ_2.5 LQ 3 0.812 0.799 0.005 0.023 821.918 1.851 0.083 3
LQ_3 LQ 3 0.812 0.800 0.004 0.020 820.067 0 0.209 2
LQ_3.5 LQ 4 0.811 0.801 0.003 0.018 820.345 0.279 0.182 2
LQH_3.5 LQH 4 0.824 0.807 0.002 0.018 821.877 1.810 0.085 4
LQ_4 LQ 4 0.811 0.802 0.003 0.017 820.655 0.588 0.156 2
Table S1: ENMEval Results for subspecies SDMs
C. c. ludovicianus
C. c. carolinesis
settings features rm full.AUC Mean.AUC Var.AUC Mean.AUC.DIFF AICc delta.AICc w.AIC nparam
LQH_2 LQH 2 0.827 0.812 0.010 0.036 1304.188 0 0.608 10
settings features rm full.AUC Mean.AUC Var.AUC Mean.AUC.DIFF AICc delta.AICc w.AIC nparam
LQ_0.5 LQ 1 0.860 0.809 0.049 0.074 756.263 0 0.447 6
LQ_1 LQ 1 0.858 0.801 0.048 0.077 757.376 1.113 0.256 6
settings features rm full.AUC Mean.AUC Var.AUC Mean.AUC.DIFF AICc delta.AICc w.AIC nparam
LQ_1.5 LQ 2 0.875 0.824 0.023 0.068 420.353 1.525 0.139 4
H_4 H 4 0.854 0.829 0.021 0.054 418.828 0 0.299 2
settings features rm full.AUC Mean.AUC Var.AUC Mean.AUC.DIFF AICc delta.AICc w.AIC nparam
H_2.5 H 3 0.916 0.900 0.004 0.026 700.162 0 0.270 6
LQHP_3 LQHP 3 0.915 0.895 0.003 0.027 700.326 0.164 0.248 5
LQHPT_3.5 LQHPT 4 0.914 0.891 0.003 0.027 701.028 0.866 0.175 4
C. c. carolinesis : Winter
Table S2: ENMEval Results for seasonal SDMs
C. c. ludovicianus : Breeding
C. c. ludovicianus : Winter






Table S3: Bioclimatic variable definitions (sensu Hijmans et al. 2005)
BIO1 = Annual Mean Temperature
BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 = Isothermality (BIO2/BIO7) (* 100)
BIO4 = Temperature Seasonality (standard deviation *100)
BIO5 = Max Temperature of Warmest Month
BIO6 = Min Temperature of Coldest Month
BIO7 = Temperature Annual Range (BIO5-BIO6)
BIO8 = Mean Temperature of Wettest Quarter
BIO9 = Mean Temperature of Driest Quarter
BIO10 = Mean Temperature of Warmest Quarter
BIO11 = Mean Temperature of Coldest Quarter
BIO12 = Annual Precipitation
BIO13 = Precipitation of Wettest Month
BIO14 = Precipitation of Driest Month
BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter
BIO17 = Precipitation of Driest Quarter
BIO18 = Precipitation of Warmest Quarter





Figure S1. Full MaxEnt SDM prediction map for C. c. ludovicianus observations: AUC = 0.790. 






S2. Full MaxEnt SDM prediction map for all C. c. carolinensis observations: AUC = 0.814. Red 







S3. Results of the contribution of the bioclimatic variables to the axes of the “within 
environment” PCA niche equivalency analysis comparing C. c. ludovicianus and C. c. 










S4. Full results of the “within environment” PCA niche equivalency analyses between using all 
19 bioclimatic variables breeding (a) and winter (b) seasons for C. c. ludovicianus. The shading 
reflects the density of occurrences of each subspecies per cell (i.e. darker cells have a higher 
density), the solid line within the PCA space represent 100% of the available climate space and 
the dotted lines represent 50% of the available climate space. (c) The contribution of the 
bioclimatic variables to the axes of the PCA analysis. See Table S5 for a description of the 
bioclimatic variables. (d) The red flag is the niche overlap (D = 0.684) and the histogram 
represents the simulated overlap between the two subspecies. The empirical overlap is 






S5. Full results of the “within environment” PCA niche equivalency analyses between using all 
19 bioclimatic variables breeding (a) and winter (b) seasons for C. c. carolinensis. The shading 
reflects the density of occurrences of each subspecies per cell (i.e. darker cells have a higher 
density), the solid line within the PCA space represent 100% of the available climate space and 
the dotted lines represent 50% of the available climate space. (c) The contribution of the 
bioclimatic variables to the axes of the PCA analysis. See Table S5 for a description of the 
bioclimatic variables. (d) The red flag is the niche overlap (D = 0.803) and the histogram 
represents the simulated overlap between the two subspecies. The empirical overlap was not 







S6. Full MaxEnt SDM prediction map based on breeding season occurrences (March – August) 
of C. c. ludovicianus: AUC = 0.863. Red areas are areas with a relatively high probability and 








S7. Full MaxEnt SDM prediction map based on winter occurrences (December – February) C. c. 
ludovicianus: AUC = 0.885. Red areas are areas with a relatively high probability and blue are 







S8. Full MaxEnt SDM prediction map based on breeding season occurrences (March – August) 
of C. c. carolinensis: AUC = 0.845. Red areas are areas with a relatively high probability and 







S9. Full MaxEnt SDM prediction map based on winter occurrences (December – February) C. c. 
carolinensis: AIC = 0.916. Red areas are areas with a relatively high probability and blue are 













Chapter 2: The mysterious extinction of the Carolina parakeet: was habitat loss 
responsible? 
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Parrots are one of the most threatened orders of birds, with ~ 43% of all species listed as 
near-threatened or worse by the IUCN (Marsden & Royle 2015), and they face a number of 
pressures, including habitat loss and trapping (Snyder et al. 2000). While a handful of parrot 
species have gone extinct over the past few centuries, most of these were, unsurprisingly, species 
endemic to islands (Olah et al. 2016). There is, however, one notable exception – the Carolina 
parakeet (Conuropsis carolinensis), which had total range an order of magnitude larger than the 
average range size of all other recently extinct parrot species (Olah et al. 2016). Despite the fact 
that Carolina parakeets were charismatic and were of considerable interest to ornithologists 
during the 1800s, little is known about their biology or how they went extinct.  
The Carolina parakeet is one of only four forest-dependent bird species to go extinct 
within the continental United States since the arrival of Europeans (Askins 2000). Prior to its 
decline, the Carolina parakeet was widely distributed, with a range stretching from the mid-
Atlantic coast to Nebraska, and south to Florida (see Chapter 1). The Carolina parakeet has two 
subspecies (C. c. ludovicianus and C. c. carolinensis) but were not studied in detail while extant, 
thus much of the information regarding their natural history is speculative. Accounts of the 
species show a gradual population decline starting with European settlement (Snyder and Russell 
2002). By the early 1800s, Audubon (1831) noted a marked decline in population numbers and 
range size, although he still considered the parakeets relatively common at the time. During their 
decline, the species’ range is believed to have started to shrink from east to west toward the 
Mississippi River (except in Florida), and from north to south, along the Ohio River, largely in 
concert with the expansion of human settlement, destruction of bottomland forests, and rise of 






twentieth century, the Carolina parakeet could be found only in Florida, South Carolina, and a 
few isolated regions west of the Mississippi River (Hasbrouck 1891, Snyder 2004).  The last 
accepted sighting of the parakeet occurred in Florida in 1920 (Snyder 2004), but there were 
controversial reports of the Carolina parakeet into the 1930s and 1940s in both Florida and the 
Carolinas (Snyder 2004).  
It is unclear exactly why the Carolina parakeet went extinct. Carolina parakeets were 
commonly shot for sport, food, feathers, scientific collections, and to protect crops (Snyder and 
Russell 2002); famously, Audubon (1831) related a jarring story of Carolina parakeets massacred 
by the hundreds at the hands of hunters and farmers. However, some question whether or not 
overkill was a major contributor to their extinction (McKinley 1980, Snyder 2004). Other 
potential causes have been suggested, such as competition for food with other avian species, 
habitat loss, competition with introduced European honey bees (Apis mellifera) over 
nesting/roosting sites, and pressure from trapping for the pet trade (McKinley 1980, Brunswig et 
al. 1983, Snyder & Russell 2002).  
As humans spread throughout the range of the species, clear-cutting and agriculture 
destroyed some of the habitat Carolina parakeets preferred, a phenomenon repeating itself now 
for many other parrot species as developing countries in tropical areas become more 
industrialized (Olah et al. 2016, Venter et al. 2016).  Many early ornithologists considered the 
Carolina parakeet a specialist of bottomland forests, especially those dominated by sycamores 
(Platanus occidentalis) or bald cypress (Taxodium distichum), and noted its patchy distribution 
(e.g. Wilson 1811).  Approximately 77% of bottomland forests were destroyed by the early 






scarce as the Carolina parakeet during the same time frame (Snyder and Russell 2002), it is 
worth noting that, of the five North American bird species considered bottomland forest 
specialists, only two remain extant today (prothonotary warbler [Protonotaria citrea] and 
Swainson’s warbler [Limnothlypis swainsonii]; Askins 2000), while the ivory-billed woodpecker 
(Campephilus principalis) and Bachmann’s warbler (Vermivora bachmanii) are also presumed 
extinct. It should be noted that, despite Askins’ (2000) compelling argument that habitat loss was 
a major driver of extinction, both McKinley (1980) and Snyder (2004) argued that disease, 
potentially transmitted by domesticated poultry, was the most likely cause of Carolina parakeet 
extinction. This assertion also remains unsubstantiated. It is likely that a combination of all the 
above played a part in their extinction (Snyder 2004). 
Since there is no clear consensus on what caused the Carolina parakeet to go extinct, and 
any evidence thus far supporting one cause over another is anecdotal at best, we explored 
whether or not species distribution modeling (SDM) techniques could determine the cause of 
their extinction. We started by creating the largest known dataset of occurrence for this species, 
by not only georeferencing as many specimens found in natural history collections as we could 
find with sufficient locality data, but also by georeferencing observations of the parakeets found 
in travel diaries and other published reports. Since habitat loss, especially due to logging, is 
among the biggest threats to parrot populations (Snyder et al. 2000, Olah et al. 2016), and is one 
of the leading hypotheses for the Carolina parakeet’s extinction, our goals were to use this new, 
comprehensive dataset to determine the extent to which habitat loss played a role in their range 
contraction over time and explore any differences in range contraction patterns between 







Our a priori expectation was that, when projected over time, a species distribution model 
calibrated to a “pristine” time period (before aggressive agricultural expansion) would tend to 
predict high probabilities of Carolina parakeet occurrence in areas without agriculture over time. 
Given this expectation, we hypothesized that, if habitat loss were an important driver of range 
contraction, the ability of our model to predict future occurrences would remain steady 
throughout the decades subsequent to 1800, as the parakeets would still be found in the pristine 
areas predicted by the model. Conversely, if agricultural expansion (i.e. habitat loss) did not 
drive local extirpations, we expected that the model projection would become progressively 
worse at correctly predicting occurrence data from that time step, since the Carolina parakeet 
would be found in areas not predicted by the model.  
Our next goal was to detect trends in how distance among observations changed over 
time. We predicted that if populations were steadily thinning over time, nearest-neighbor 
distance would increase leading up to extinction. Instead, if extirpations were happening in a 
shifting wave front due to human encroachment on natural areas in a steady spatial progression, 
no detectable change should occur in the nearest-neighbor distance over time, since population 
density should remain the same in the places where Carolina parakeet remained. Finally, while a 
declining nearest neighbor distance would seem counterintuitive for a species headed towards 
extinction (as it might seem to imply increasing population density), it could be indicative of 
increasing spatial aggregation over time, due to either movement of birds into remaining refuge 
areas, or extirpation of outlying marginal – and therefore less dense -- populations outside the 
range core which inflated nearest-neighbor distance.  
If habitat loss was an important driver of the Carolina parakeet’s range contraction, these 






clearing can have on even broadly-distributed parrot species. Conversely, if habitat loss appears 
not to have been a major driver of the extinction of the Carolina parakeet, it will help lend 




We collected and geo-referenced locality data from Carolina parakeet specimens found in 
natural history collections around the world (n = 396; see Table S1 for list of natural history 
collections) and observations of Carolina parakeets published in the literature from 1565 to 1944 
(n = 396; see Table S2 for list of citations), using georeferencing guidelines established by 
Chapman & Wieczorek (2006), and the georeferencing software GEOLocate (Rios & Bart 2010). 
Rather than using existing coordinates provided with museum specimens, we chose to re-
estimate all geographical coordinates based on collection locality names in order to ensure 
consistency throughout the dataset. Given that place names and geographical extents have 
changed a great deal in the past few hundred years in North America, we paid special attention to 
historically relevant maps and field journals of specimen collectors when selecting coordinates 
and measuring uncertainty for each occurrence. 
To prepare occurrence data for species distribution modeling, we first removed all 
duplicate sightings (i.e. sightings with more than one observation per specimen at the same 
location). We next removed vagrant sightings (n = 23) from the analysis, consistent with IUCN’s 
definition of a species’ range (Gärdenfors et al. 2001), which included all sightings from states 






of observations during the breeding season. This rule excluded observations from the U.S. states 
of Colorado, North Dakota, South Dakota, Minnesota, Michigan, Pennsylvania, New Jersy and 
Maryland. We also removed occurrence points from the analyses if the radius of uncertainty 
associated with the point was greater than 5 km, as this level of uncertainty has been shown to 
reduce the accuracy of the resulting species distribution models (Graham et al. 2008). These 
steps reduced our dataset to a total of 330 high-quality and unique georeferenced occurrence 
points.  
We then split out dataset into subspecies. All occurrence points west of the Appalachian 
crest and west of Alabama were considered C. c. ludovicianus, and points east of the 
Appalachian crest and east of Mississippi were classified as C. c. carolinensis. These broad 
geographic delineations are generally accepted as the range limits of the two subspecies 
(Ridgway 1916, Swenk 1934), and are consistent with the subspecies identifications listed on all 
261 labeled museum specimens represented in our dataset. To avoid overfitting our models due 
to spatial autocorrelation, we further thinned each dataset using the “spThin” R package (Aiello-
Lammens et al. 2015). We used a nearest-neighbor distance of 9 km, which corresponds to the 
typical home-range size for small to medium-sized parrots belonging to the Carolina parakeet’s 
subfamily Arinae (Vehrencamp et al. 2003), since the Carolina parakeet’s home-range size is 
undocumented. After thinning our data, 147 unique georeferenced locations were used to 
generate the species distribution models (C. c. ludovicianus n = 99; C. c. carolinensis n = 48). 
Analyses 






To test if patterns of range contraction over time were consistent with habitat loss, we 
used the framework created by Peterson et al. (2006), which uses species distribution models 
combined with temporally explicit land-use data to predict local extirpations as time progresses, 
by projecting models created during a “pristine habitat” time period onto land-use layers at 
different time steps. In accordance with Peterson et al.’s (2006) framework, we used combination 
of climate, elevation, and slope data in conjunction with the agricultural land-use data to build 
our model.  
Since the Carolina parakeet was the only parrot native to the United States, and its 
biology is so poorly understood, we had no a priori expectations as to which climate variables 
may have been important in determining their range limits. So, rather than use all 19 bioclimatic 
variables available (sensu Hijmans et al. 2005), we limited our analysis to six climate variables 
(annual mean temperature, mean diurnal range, temperature seasonality, mean temperature of 
driest quarter, annual precipitation, and precipitation of the warmest quarter), as these variables 
are the most important when building species distribution models for North American birds and 
are minimally correlated with one another (Barbet-Massin & Jetz 2014).We derived these 6 
climatic variables from a 30-year window of 4 km resolution climate data (1895 – 1924) 
downloaded from the PRISM Climate Group (Oregon State University, 
http://prism.oregonstate.edu, created 4 Feb 2004) using the “dismo” package (v. 2.13.0; Hijmans 
et al. 2012) in R (R Core Team 2013). We used the 1895 – 1924 time-frame because it overlaps 
with the final period during which the Carolina parakeet was extant and avoids the climate 
warming trend that started around 1950 (see Stanton 2014).  
We obtained elevation data from the National Elevation Dataset (Gesch et al. 2009) and 






Redlands, CA; version 10.3). Since habitat lost to conversion of forests to farms has been 
suggested as a driver of Carolina parakeet extinction, we used the HYDE 3.1 dataset (Klein-
Goldewijk et al. 2011), which comprises global decade-by-decade agricultural land-use data at 5’ 
latitude / longitude resolution. We downloaded and used “cropland” data from 1800 – 1940, 
which gives a percentage of each 5’x 5’ grid cell devoted to agriculture. To create our 
distribution model for each subspecies, we used 1800 as our “pristine” time period (sensu 
Peterson et al. 2006), as this was the time Audubon (1831) noted the start of the decline of the 
Carolina Parakeet, and because this period predates intensive farm expansion in the continental 
United States. 
We used MaxEnt (Phillips et al. 2006) in the R package “dismo” (v. 2.13.0; Hijmans et al. 
2012) to generate species distribution models for each subspecies independently. The extent of 
analysis, and therefore, selection of the 1000 background samples – “pseudo-absences” (Merow 
et al. 2013) – was confined to the specific set of North American ecoregions (Olson et al., 2001) 
in which each subspecies of Carolina parakeet had been observed historically. This approach 
allowed a more meaningful assessment of each subspecies’ niche by including areas that were 
accessible to the species (Soberon & Peterson 2005; Barve et al. 2011). Using extents with no 
biological basis (i.e. geopolitical boundaries) can artificially inflate evaluations of model fit, 
giving false confidence in the validity of the model (Jimenez-Valverde et al. 2008).  
Once generated, the species distribution models were tuned using the R package 
“ENMeval” (v. 0.2.0; Muscarella et al. 2014), which uses a checkerboard cross-validation 
method to compare the Akaike Information Criterion (AIC) of MaxEnt models under all 
combinations of model feature types to select the features that maximize the predictive ability of 






model with the lowest AIC to run the final MaxEnt models (C.c. carolinensis: linear component 
only, beta multiplier = 3.5; C. c. ludovicianus: linear and quadratic features; beta multiplier = 
3.5).  
Once we had the final “pristine” distribution model for each subspecies, we projected the 
model onto the agricultural layer for each subsequent decade. We then assessed the prediction 
accuracy of the projected model for each empirical occurrence point in our dataset within a ten-
year window of the projected model (e.g. species distribution model projected onto the 1840 crop 
layer would include the occurrence points from 1835 to 1844). Once the occurrence probability 
values were extracted from the appropriate projected model at each time step in the R package 
“raster” (v.2.5-8; Hijmans & van Etten 2014), we ran a simple linear regression on the extracted 
values for each subspecies in the R package “DAAG” (v.1.22; Maindonald & Braun 2015).  
Nearest-neighbor distances 
To approximate spatial aggregation trends over time, we calculated a 20-year moving 
window centered on every year between 1800 and 1900, and calculated the mean nearest 
neighbor distance for every occurrence point within that two decade interval in the “rgeos” 
package (v.0.3-20; Bivand & Rundel 2016) in R.  
Extinction date estimations 
We estimated date of extinction for all Carolina parakeets generally and both subspecies 
specifically. Given that our dataset combined physical evidence (i.e. specimens) and 
observations with varying degrees of reliability, we used the Bayesian extinction estimating 
equation proposed by Solow et al. (2012) and modified by Solow and Beet (2014) in Matlab v. 






also considers the validity of certain and uncertain sightings independently (Solow & Beet 2014, 
Boakes et al. 2015).  By considering the validity of certain and uncertain sighting as separate 
Poisson processes, estimates of the last certain sighting is a proxy for the likely extinction date 
(Solow & Beet 2014).  
We determined the level of certainty of each observation based on expert opinion from 
the literature, from Snyder (2004) and from 18 articles by McKinley (1960, 1964, 1965,1976, 
1977a, 1977b, 1978a, 1978b, 1978c, 1978d, 1979a, 1979b, 1979c, 1979d, 1981, 1985, McKinley 
& James 1984, McKinley & Hardy 1985). We confined our analyses to the period 1800 – 1944, 
as that period had consistent occurrence records over time, and 1800 began the period in which 
Carolina parakeets decreased in number (Audubon 1831). For these analyses, we designated 
physical evidence as “1”, while observations considered legitimate by expert opinion were 
scored as “2”, and controversial sightings were assigned a “3.” When individual years had 
multiple records, we always used the highest ranked evidence. We ran these analyses 
independently for each subspecies (C.c. carolinensis: n = 76; C.c. ludovicianus: n = 80), and 
both subspecies together (n = 116).  
RESULTS 
Habitat loss as a driver of range contraction 
Surprisingly, our model for C. c. carolinensis predicted a higher probability of 
occurrence in areas with increased agriculture over time (see Figs. 1a, 1b). The “pristine” model 
using 1800 agricultural data had an AUC (Area Under the Curve) of 0.828. Nonetheless, there 
was no change over time in the “pristine” model’s ability to predict occurrence points (r2 < 






probabilities in areas with high levels of agriculture, given the model was no better (or worse) at 
predicting actual occurrences over time, this result suggests that habitat loss due to agriculture 
may not have been an important factor in the range contraction of the eastern subspecies. On the 
contrary, had individuals only been found in “pristine” habitat, the model would have been 
progressively worse at predicting actual occurrences. 
In contrast, our model projections for C. c. ludovicianus predicted a slight range shift 
over time (Figs 2a, 2b); the “pristine” model had an AUC of 0.823. The “pristine” model’s 
ability to predict C. c. ludovicianus occurrences had a significant, negative relationship but little 
of the variation in prediction accuract is explained by time (r2 = 0.046, p = 0.008; Fig. 2c). 
Habitat loss was likely not the most important force causing range contraction for the western 
subspecies, though it may have been a more important pressure on the western subspecies than 
the eastern. 
Nearest-neighbor distance 
We found that nearest neighbor distance began high (~7 decimal degrees), but declined 
below 1 decimal degree by 1820 for C. c. carolinensis, after which point it remained constant or 
slightly declining until the end of the century (Fig. 3).  In contrast, C. c. ludovicianus sightings 
start with a nearest-neighbor distance of ~0.5 decimal degrees in 1800 but increased from 1820 
to 1900, continuing steadily until the end of the century, with a small peak ~1870, ending with a 
nearest-neighbor distance of ~2 decimal degrees by the end of the century.  
Extinction estimates 
Our models suggest that the eastern subspecies, C.c. carolinensis, likely went extinct in 






two decades prior, around 1920 (Fig. 4b). When considering both subspecies together, the 
extinction estimate doesn’t differ much from the estimate for C.c. carolinensis (Fig. 4c); 
however, failing to consider each subspecies individually may obscure important distinctions 
between the two, especially with respect to causation.  
DISCUSSION 
Our species distribution model of Carolina parakeets, built with the most complete and 
rigorously compiled occurrence data set we are aware of, yielded mostly counter-intuitive 
results. First among these is that the model projections predicted that the eastern subspecies was 
increasingly likely to occur in areas with high levels of agriculture. There are at least three, 
potentially not mutually exclusive, explanations for this result; 1) the birds were, in fact, 
attracted to areas of active agriculture; 2) as people converted habitat to agriculture, birds 
continued to nest as possible on fragments of unfarmed patches, but were forced by limited 
resources to forage on farm lands, and 3) the occurrence data in our data set were biased towards 
observations made on agricultural land, because these areas had observers, and the birds were 
more likely to be seen and noted. 
To address the possibility that our sample of occurrences was biased, we used linear 
regressions to evaluate if there was a relationship between agricultural intensity at each 
occurrence datapoint and the date of the occurrence, using data extracted from the HYDE 3.1 
“cropland” dataset (Klein-Goldewijk et al. 2011).  We found no significant relationship for C. c. 
carolinensis (r2 = 0.010, p = 0.353), suggesting the parakeets were just as likely to be found in 
agricultural areas in 1800 as they were just prior to their extinction, suggesting no particular bias 
in the occurrence data. However, C.c. ludovicianus appeared to be found in more intensively 






values for all agricultural lands between subspecies found no significant difference (T-test results 
- C.c. carolinensis mean: 13.3%, C.c. ludovicianus mean: 10.4%; df = 146, p = 0.123). Each 
subspecies was found, on average, in areas of relatively low agricultural intensity.  Given the 
results of these supplemental analyses, it appears that there is no particular sampling bias, despite 
the weak relationship between time and agricultural intensity of the western subspecies.  
 This leaves the potential explanation that the eastern subspecies, in particular, may have 
been forced to nest in pristine areas but foraged in agricultural areas. There is some anecdotal 
evidence to support this claim, as Snyder (2004) considered the Carolina parakeet a habitat 
generalist, and Carolina parakeets appeared to have no problem visiting farms to forage and even 
to roost in barns (Snyder & Russell 2002).  These observations directly contradict assertions 
made by Wilson (1811) and Audubon (1831), both of whom describe the parakeet as a habitat 
specialist, even though both also wrote of incidents of farmers shooting the parakeets as crop 
pests.  Indeed, farmers considered Carolina parakeets either as crop pests to be shot, or as helpful 
in reducing weedy, pest species, especially cockleburs (Xanthium sp.) and sandspurs (Cenchrus 
sp.), depending on which farmer one asked (Snyder & Russell 2002). Regardless, there is enough 
evidence to suggest that Carolina parakeets did frequent farms to forage.  
Our findings, while not supporting Askins’s (2000) assertion that land-clearing was likely 
an important factor in the extinction of the Carolina parakeet, do support both McKinley’s 
(1980) and Snyder’s (2004) suggestions that habitat loss, generally, may not have been a major 
driver of their extinction. However, given the opportunistic nature of our occurrence data and the 
interpolated nature of the agricultural data used in these analyses, more subtle patterns of habitat 
loss impacted Carolina parakeets may have been obscured. Given the comprehensive search we 






more detailed historic land use change or habitat maps become available, perhaps a more 
nuanced pattern could be identified.   
 Range contraction of C. c. carolinensis over time appeared to move from north to south 
(Askins 2000), which is supported by the fact that we have no recorded sightings north of the 
Carolinas after the early 1800s. Given this pattern of range contraction and the rapid decrease in 
nearest-neighbor distance in the early 1800s, which plateaus at a constant low point shortly 
thereafter (Fig. 3a), our results are consistent with a shifting wave-front of extirpation. This 
finding is also consistent with anecdotal observations that, as the isolated populations along the 
eastern seaboard were eradicated, populations persisted at a relatively consistent rate in the 
southeast, shrinking into the small, remnant populations in the refugia of the Everglades and 
Santee River area in South Carolina until extinction. In contrast, observations of C. c. 
ludovicianus consistently increase in nearest-neighbor distance until the 1880s, when there is a 
rapid increase in distance among individual sightings (Fig. 3b). This trend is consistent with 
relatively steady spatial thinning of populations leading to extinction. Little has been 
documented about the range contraction patterns of the western subspecies, except for a general 
east to west pattern of range contraction from the Ohio River Valley westward (Askins 2000), 
with a remnant population reported in northern Missouri by Hasbrouck (1891), although there 
are observations of C. c. ludovicianus well outside of northern Missouri after the late 1880s.  
Taken together, our results suggest that the subspecies differed slightly in their response 
to agricultural expansion and patterns of range occupancy over time.  Despite the paucity of the 
available data, we believe our results provide some limited, but interesting, evidence of differing 
pressures on each subspecies. These slight differences are in the correct direction to account for 






extinction date analysis strongly suggest that the Carolina parakeet persisted far longer than 
currently believed, as the most recent analysis done on the subject puts their extinction date 
around 1915 (Elphick et al. 2010). Elphick et al. (2010), however, used a less complete dataset 
and did not take into account uncertain sightings. Our results lend credibility to the sightings in 
South Carolina in the late 1930s, which were largely dismissed at the time (Snyder 2004). It is 
possible that the observation from North Carolina in 1944 reported to Roger Tory Peterson 
(Snyder 2004) may have been credible.   
 We did not explore the role of disease in the extinction, which both McKinley (1980) 
and Snyder (2004) suggest is likely the most important factor, despite there being only anecdotal 
evidence of parrots exhibiting any symptoms associated with illness, and most of these 
observations are of captive birds, making post-hoc diagnoses difficult at best. Since the Carolina 
parakeet’s range did not overlap with other parrot species, they may have been especially 
susceptible to any new diseases brought in with domesticated poultry or parrots imported to the 
United States as pets.  Snyder and Russell (2002) suggested that Carolina parakeets’ affinity for 
foraging on farms may have brought them into close contact with domesticated poultry, and that 
may have played an important role in disease transmission. There was, indeed, a large human 
outbreak of psittacosis (Chlamydophilia psittaci) in the United States in the late 1920s (Ramsay 
2003), with reports of infected parrots (species unknown) found in the basement of a department 
store in Philadelphia in 1917 (Meyer 1943). However, psittacosis was only linked to parrots in 
1895 after a major outbreak in Paris in the early 1890s, and little is known of the disease prior to 
then (Ramsay 2003). It may be possible that psittacosis (or any disease for that matter) was 
introduced to Carolina parakeets at some point after European colonization, and spread 






If disease was the leading cause of extinction, it is possible that differences in behavior 
and migratory patterns between the two subspecies may help explain why there was 30 year gap 
between extinction estimates for each. For instance, the western subspecies likely shifted its 
range seasonally (see Chapter 1) and frequently congregated in huge flocks at local salt licks 
(Snyder 2004), while the eastern subspecies did not. These movements and congregations may 
have led to higher rates of transmission, much as seasonal aggregation and affinity for bird 
feeders helps spread conjunctivitis (Mycoplasma gallisepticum) among house finches 
(Carpodacus mexicanus; Hosseini et al. 2004, Altizer et al. 2004). Subsequently, this increased 
level of transmission may explain the earlier extinction of C.c. ludovicianus, despite the fact their 
range was larger than the eastern subspecies, C.c. carolinensis (see Chapter 1).      
The limitations in both landscape change data and occurrence data make it impossible to 
find a “smoking gun,” though it was likely a combination of factors that drove the Carolina 
parakeet extinct. Without genetic analyses (as seen recently seen with passenger pigeons 
[Ectopistes migratorius]; Hung et al. 2015), or examining the few preserved specimens in natural 
history museums for signs of disease (e.g. Rothschild & Panza 2005), the best science can do, at 
this point, is perhaps rule out habitat loss as a major driver of extinction and suggest that 
differnces in the pattern of extinction of the two subspecies may have been influenced by 
different combinations of these factors. This uncertainty is the tragedy of any poorly-studied 
extinct species; once they are gone, it is too late to understand how the forces stacked against 
them resulted in extinction, and worse, impossible to learn from their example how to prevent 
other species from meeting the same fate.  
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Figure 1. (a) Species distribution model results for the “pristine” model built using land-use data from1800 for C.c. carolinensis. 
Areas of high probability of occurrence are in red and low probabilities are in blue. (b) An example of the model from (a) projected at 
a different time step, in this case, 1930. Areas of high probability of occurrence are in red and low probabilities are in blue. (c) The 
results of a linear regression of the extracted probability values of empirical observations at the projected model at each time step. 
Here, there is no change in the projected model’s ability to predict empirical occurrences over time (r2 < 0.000, p = 0.963). The model 
predicted that areas high in agriculture were more likely to the be sites of occurrences as time progressed; since projected models 
remained equally accurate at predicting occurrences at each time step, the results suggests that habitat loss was not an important factor 







Figure 2. (a) Species distribution model results for the “pristine” model built using landuse data from 1800 for C.c. ludovicianus. 
Areas of high probability of occurrence are in red and low probabilities are in blue. (b) An example of the model from (a) projected at 
a different time step, in this case, 1890. Areas of high probability of occurrence are in red and low probabilities are in blue. (c) The 
results of a linear regression of the extracted probability values of empirical observations at the projected model at each time step. 
Here, there is a significant decrease in the projected models’ ability to predict empirical occurrences over time (r2 = 0.046, p = 0.008). 
Unlike the model results for C. c. carolinensis, the fact that projected models became slightly worse at predicting occurrences at each 
time step suggests that habitat loss was likely a cause of decline. However, due to the low r2 value, it was likely not an important 




Figure 3. Mean nearest neighbor distance (NND) in decimal degrees in twenty-year windows 
centered on a given year in the 1800-1900 interval for (a) C. c. ludovicianus, (b) C. c. 








Figure 4. Estimates of likely extinction dates for (a) C. c. carolinensis, (b) C. c. ludovicianus, 
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As we enter the preliminary stages of the “Sixth Mass Extinction” (Ceballos et al. 2015), 
brought on by habitat destruction and climate change (Urban et al. 2015), conservation agencies 
are struggling to face the challenges of a less certain future (Armsworth et al. 2015). Further, 
there is often a barrier between recommendations made by the scientific community and 
implementation by conservation practitioners (Archie et al. 2012). The effects of climate change 
are already underway (e.g. Parmesan and Yohe 2003, Tingley et al. 2009, Seddon et al. 2016). 
Despite the likely crisis caused by large-scale species extinctions brought on by the direct 
and indirect impact of climate change, conservation agencies may be ill-equipped to adapt to the 
new challenges inherent in protecting species in the face of so much uncertainty (Armsworth et 
al. 2015, Wyborn et al. 2016). Some of the reasons that conservation agencies seem unwilling or 
unable to implement necessary and adaptive strategies (e.g. managed relocations and restoring 
fire/disturbance regimes) may include limited resources and information (Archie et al. 2012), or 
governance structure, culture within organizations, and politics (Wyborn and Dovers 2012, 
Armsworth et al. 2015, Wyborn et al. 2016).  
To help overcome this problem, Armsworth et al. (2015) suggested that the one of the 
most important tools conservation agencies need for tracking changes are data at appropriate 
scales. However, while research effort at the country level appears positively correlated with the 
number of endangered species and the proportion of those species currently protected (Doi and 
Takahara 2016), biases in conservation research leave the richest areas in biodiversity 
understudied (Wilson et al. 2016). Given that it is impossible to save all at-risk species from 






biodiversity is the most likely strategy to be effective going forward. The identification of these 
areas is a fundamental step in prioritizing conservation actions.     
Over the past ~20 years, one of the most popular methods of identifying areas of highest 
conservation priority is the “hotspot concept” (Reid 1997, Myers et al. 2000), which uses 
existing species range maps to determine areas around the world where species richness or 
richness of endemic species is highest. Recently, the multidimensional nature of biodiversity has 
emerged as a critical consideration for conservation planning (e.g. Isaac et al. 2007, Mazel et al. 
2014). Hotspots of functional diversity (a measure of ecological trait diversity within an 
assemblage) and phylogenetic diversity (a measure of the evolutionary history found within an 
assemblage) may not necessarily coincide with hotspots of species richness (e.g., for mammals; 
see Safi et al. 2011, Mazel et al. 2014). For over a decade, calls have been made to incorporate 
phylogenetic or functional biodiversity in conservation planning (Mace et al. 2003, Diaz et al. 
2007); yet, conservation planners rarely consider this information when making decisions. 
Phylogenetic or functional diversity may be better indicators of community resilience 
than species richness (Naeem et al. 2012). Even though phylogenetic diversity has its roots in 
conservation biology (e.g., Vane-Wright et al. 1991, Faith 1992), the vast majority of 
biodiversity assessments and identifications of priority areas for conservation have been based on 
species counts (i.e. richness of total, endemic or threatened species; e.g. Mace et al. 2003; Myers 
et al. 2000). Conserving functional diversity is critical for maintaining ecosystem functions 
(Naeem et al. 2012), and thus for maintaining critical ecosystem services, an important 
consideration in conservation (Chan et al. 2006, Diaz et al. 2007, Cimon-Morin et al. 2013). 
Nonetheless, cases in which functional diversity has been incorporated in conservation research 






functional diversity may be a better indicator than the loss of species richness, in quantifying 
ecosystem vulnerability (Srivastava et al. 2012). Consequently, it is necessary to identify 
hotspots of biodiversity in a manner that incorporates multiple dimensions of biodiversity at a 
global scale, so that conservation action can be pursued with an understanding of possible trade-
offs, especially in light of the vulnerability associated with climate change. 
In addition to data at appropriate scales, Armsworth et al. (2015) also recommended that 
climate data (and future projections) be incorporated in conservation planning. Despite a small, 
but growing, body of literature on the incorporation of climate change into conservation planning 
(Jones et al. 2015), most studies continue to rely on environmental niche models to project 
species ranges in the future under different climate change scenarios (e.g. Terribile et al. 2012, 
Loyola et al. 2013, Nakao et al. 2013). However, this approach may over-estimate range shifts 
and extinction risk because of inherent characteristics of correlative niche modeling, which is 
that it assumes a species is at equilibrium within its environment, which is likely rarely, if ever, 
true (Sax et al. 2013, Early and Sax 2014) and does not take into account species interactions 
(Pearson and Dawson 2003). Nevertheless, environmental niche modeling, despite these 
criticisms, remains the “best” tool currently in use for assessing future areas for fine-grain 
suitability (Tingley et al. 2014). Regardless of the method, Jones et al. (2015) found a heavy bias 
in climate change prioritization research for both North America and Australia (~41% of all 
published research). We are not aware of any studies that have taken into account ecosystem 
resistance to climate change as a way to identify and prioritize conservation attention.  
Of all of the orders of birds, parrots (Psittaciformes) are the most-threatened, with ~43% 
of parrot species listed as near-threatened or worse; ~28% are listed as threatened or worse 






decline (IUCN 2014). However, density estimates exist for only 25% of species, but of those 
estimates, parrot density is greater in protected areas than outside of them (Marsden and Royle 
2014), demonstrating the potential importance of conservation action. Parrots are the most 
popular birds in the pet trade (Bush et al. 2014), although species kept as pets tend to be 
common, non-threatened species (Pires 2012). Hunting and trapping are among the biggest 
threats to parrots, in addition to habitat loss resulting from agriculture and logging (Snyder et al. 
2000, Olah et al. 2016), which disproportionately affect parrots because a majority of parrot 
species (~70%) are forest dependent (Forshaw 1989, Olah et al. 2016). In addition, most parrot 
species (~78%) rely on tree-cavities for nesting (Forshaw 1989, Renton et al. 2015), and nesting 
in some species is limited to a few specific tree species (Renton and Brightsmith 2009).  
Parrots, generally, have long generation times, low population densities, and increased 
risk of being hunted or trapped (Pires 2012, Marsden and Royle 2014), all characteristics 
associated with extinction risk (Bennett and Owens 1997, Cardillo et al. 2005). Predictably, 
parrot species that are larger-bodied and have longer generation times are especially at risk 
(Jones et al. 2006, Olah et al. 2016), are normally found at relatively lower densities (Marsden 
and Royle 2014), and are more likely than smaller parrot species to be obligate tree-cavity 
nesters (Renton et al. 2015). Although parrots are the most-threatened order of birds, they are 
relatively understudied when compared to other orders of birds (Brito and Orpea 2009, Ducatez 
and Lefebvre 2014). This lack of studies may explain why density estimates, one of the most 
important factors in determining conservation status (Mace et al. 2008), are lacking for all but a 






Parrots provide a number of important ecosystem functions, including invertebrate pest 
management, pollination, seed dispersal, and genetic-linking of plant communities, making them 
“keystone mutualists” (Tella et al. 2015, Blanco et al. 2015, Blanco et al. 2016). Parrots also 
forage on plants toxic and poisonous to many vertebrate species (Gilardi and Toft 2012, Blanco 
et al. 2015), allowing them to find food and persist in habitats where other frugivorous species 
cannot (Gilardi and Toft 2012). Given the critical ecosystem services parrots provide, their loss 
may have detrimental effects on many plant species, thereby contributing to ecosystem 
instability. 
We aim to facilitate the incorporation of functional, phylogenetic, and climate change 
data into conservation management and policy decisions. We provide a framework that 
incorporates various aspects of diversity and ecosystem resistance to climate change as a means 
to identify areas around the world with high diversity (measured as species richness, 
phylogenetic diversity, and functional diversity), opportunities for protection, and ecosystem 
resistance to climate change. Given that parrots provide important ecosystem services, comprise 
the most threatened of bird orders, and respond positively to habitat conservation, we use parrots 
as a case study to test our approach, and identify parrot species that may be at greater risk of 
extinction than currently assessed due to lack of protection and climate change. The framework 









We used the current range maps for all 398 extant parrot species (Birdlife International 2015), 
following the taxonomy of del Hoyo et al. (2014).  
Trait data 
We estimated functional diversity using two types of data: categorical (binary) and mensural 
attributes (Table 1). For each data type, we used a suite of attributes that reflect particular niche 
axes and define functional components. Categorical attributes included components of diet, 
foraging strategy, and foraging location, whereas mensural attributes comprise body size and 
range size. For each categorical attribute, a species received a “1” if it exhibited the characteristic 
and a “0” if it did not. For each body size attribute, we used the average value for each species 
based on measurements of multiple adults, when available. To best portray the variety of 
functions performed by a species, we used all attributes of each functional component (e.g. diet 
or body size) to define the associated niche axis. We estimated functional diversity for each 
functional component separately, as well as for all functional components combined. 
We obtained trait data for all parrot species from the literature (Forshaw 1989; Juniper 
and Parr 2002, del Hoyo et al. 2003, Birdlife International 2015, IUCN 2015). We estimated 
missing morphological measurements using linear regressions based on congeners (or tribe 
members, if there were few or no congeners with such data). To address missing trait data for 






congener, as traits generally are phylogenetically conserved (Peterson 2011). In total, we 
estimated only 4.0% of trait values (459 of 11,529) by linear regression or by substituting values 
from congeners.  
Phylogenetic supertree 
Because there is no currently published supertree from all parrot species, we created a supertree 
for the order Psittaciformes by using 66 source trees from research published between 1980 and 
2016. We used the Supertree Toolkit software (Hill and Davis 2014) to record the source tree 
topologies and any relevant associated meta-data (e.g. character data from which the trees were 
derived). We followed the protocol described by Davis and Page (2014) and used by Davis et al. 
(2015): source trees had to meet several criteria for inclusion in the analysis: (1) it was explicit 
that the author’s intention was to construct a phylogeny; (2) the characters and taxa used in the 
analysis had to be clearly identifiable; and (3) the source tree must have been based on an 
analysis of a novel, independent dataset. We also standardized species names to ensure that the 
data set contained only species and no higher taxa (e.g., families).  
To improve data linking, we retained only source trees that had at least two taxa in 
common with at least one other source tree (Sanderson et al. 1998). We used the Matrix 
Representation with Parsimony method (Baum and Ragan, 2004) to build the matrix, which was 
subsequently analysed in TNT (Goloboff et al., 2008), resulting in 960 maximally parsimonious 
trees, each 3150 steps in length. We then computed a Maximum Agreement Subtree (MAST) in 
PAUP* 4.0b10 (Swofford, 2002). The resulting supertree contained 273 of 398 parrot species 
(69%). Since a complete species tree was necessary for our phylogenetic diversity analyses, we 






al. 2014). Because parsimony trees do not have meaningful branch lengths, as many nodes as 
possible in the tree were calibrated using data from published phylogenies (Schweitzer et al. 
2011, 2014, 2015). We then calibrated the remaining nodes in the R package “paleotree” (Bapst 
2012), resulting in a fully time-calibrated supertree (Appendix 3).  
Analyses  
Biodiversity indices 
We created a grid in ArcMap v.10.3 (ESRI, Redlands, CA, USA), using the Cylindrical Equal 
Area projection, with each grid cell measuring 500 km2 (hereafter “grid cell”). For each grid cell 
(n = 21,078), species richness was a count of the number of species with a range overlapping the 
cell, whereas we estimated both phylogenetic and functional diversity by Rao’s quadratic 
entropy (Rao’s Q; Botta-Dukát 2005). Rao’s Q measures the average difference between all pairs 
of species, thereby reflecting multivariate dispersion. We obtained the average phylogenetic or 
functional distances among species from pairwise dissimilarity matrices for the phylogenetic 
component and for each of the six functional approaches (i.e. each functional component 
separately and all functional components combined), respectively. For the phylogenetic 
supertree, we calculated a pairwise dissimilarity matrix via the “cophenetic” function of the R 
package “ape” (v.3.5, Paradis et al. 2004). We used the Gower metric from the R package 
“cluster” (v.2.0.4, Maechler et al. 2012) to calculate pairwise functional dissimilarity matrices. 
To allow meaningful comparisons among dimensions, we transformed each metric into 
its effective number of species or Hill number (hereafter numbers equivalent). The numbers 
equivalent is the number of maximally dissimilar species that is required to produce the 
empirical value of a diversity metric (Jost 2006). This transformation facilitates intuitive 






in the same units (Jost 2006, Chao et al. 2014). Species richness is its own numbers equivalent. 
We transformed Rao’s Q values into numbers equivalents using R functions developed by de 
Bello et al. (2010). 
 
Integrated Biodiversity Index (IBI) 
To ensure that the Integrated Biodiversity Index (IBI) metric we constructed using data from all 
dimensions does not primarily reflect species richness, we used numbers equivalent 
transformations of Rao’s Q as the index for phylogenetic and function diversity, as other 
measures, such as Faith’s “PD” (Faith 1992) are correlated with species richness. After 
correction, we scaled each metric to a range from 0 to 1. The IBI is represented by the sum of the 
species richness (S), functional diversity (FD), and phylogenetic diversity (PD) scaled metrics 
for a particular grid cell (i): 












As a consequence of the numbers equivalent transformation and scaling functions, IBI values 
range from 0 to 3, weighting each dimension of diversity equally.  
 
Correlations among dimensions of biodiversity 
We used Spearman Rank Matrix Correlation analyses in the R package “Hmisc” (v.3.17-4) to 
evaluate relationships between all possible pairwise combinations of species richness, 
phylogenetic diversity, and functional diversity. Add sentence to explain why matrix correlations 







Protection Opportunity (PO) and percent of each species range currently protected 
To estimate the percentage of each grid cell that is protected, as well as the percent of the 
geographical range that is protected for each parrot species, we used the World Database on 
Protected Areas dataset (IUCN and UNEP-WCMC 2016): the most comprehensive spatial 
dataset of global protected areas. Data for reserves are given both as point features, where 
reserve size was given as an attribute, and polygon features, where size and shape of the reserve 
was preserved in the data layer. In ArcGIS v.10.3, we buffered point features to spatially reflect 
reserve size, merged the resulting point features layer with the polygon features into a single 
shapefile, and then “dissolved” into a single feature representing protected areas (sensu Butchart 
et al. 2015). This feature was then clipped to the extent of parrot distributions. We determined 
the percent of each grid cell or species range that is protected by calculating spatial intersections 
of the appropriate data layers. Because we also wanted to consider opportunity for conservation 
for each grid cell, we calculated PO by subtracting the percentage of the grid cell currently 
protected from 100.  
Climate resistance and sensitivity of each species range and grid cell 
To estimate the degree to which each grid cell or species range is resistant (CR) or sensitive (CS) 
to recent climate change, we used the Vegetation Sensitivity Index (VSI) dataset generated by 
Seddon et al. (2016) in the R package “raster” (v.2.5-8; Hijmans and van Etten 2014) to estimate 
the average, standard deviation, and percentile rank of VSI for each grid cell and for the range of 
each extant parrot species. The VSI is a relative measure of the sensitivity of vegetation 
productivity to climate variability over a 14 year period (2000 to 2013; Seddon et al. 2016). The 
VSI dataset ranges from 0 – 100. Areas with a score of 100 have changed the most and were 






climate change. CS is measured by the raw outcome of the VSI analysis, while CR is measured 
by subtracting the CS value for each grid cell from 100.   
 
Relative conservation importance 
To determine the relative priority of each grid cell (i) for further research, we summed the grid 
cell’s percentile rank for: 1) multiple dimensions of diversity (i.e. the IBI value), 2) resistance to 
climate change (i.e. CR), and 3) Protection Opportunity (i.e. PO):  
𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦 = ∑[(𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 (𝐼𝐵𝐼)𝑖) + (𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 (?̅? (𝐶𝑅))𝑖) + (𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒(𝑃𝑂)𝑖)].
𝑖
 
As an example, a grid cell with relatively high percentile ranks for IBI, CR, and PO would be 
assigned the highest relative priority. We excluded fully-protected grid cells (i.e. 100%) from 
this analysis. To compare between prioritized areas with and without climate change, we 
calculated priority (Priorityw/o) without including VSI scores: 
𝑃𝑟𝑖𝑜𝑟𝑖𝑡𝑦𝑤/𝑜 = ∑[(𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 (𝐼𝐵𝐼)𝑖) + (𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒(𝑃𝑂)𝑖)],
𝑖
 
scaled each priority score from 0 – 1 (to make them comparable), and subtracted Priorityw/o from 
Priority to determine how including climate change in this metric influences prioritization, 
resulting in ∆Priority which can range from -1 to 1. 
 
RESULTS 
Species richness of parrots is highest in the Amazon Basin of South America, the southeastern 
coast of Australia, and mountainous region of New Guinea (Fig. 1a). Functional diversity is 






Australia, arising primarily from the diversification of multiple subfamilies within the 
Psittacidae, and the fact that cockatoos (Cacatuidae), which represent a deep split in the parrot 
phylogeny (Fig. 2), are endemic to Australia and Oceania.  
IBI is highest in Australia and New Guinea (Fig. 3), and moderate in northern and central 
South America. In general, species richness, phylogenetic diversity, and functional diversity 
were correlated (Spearman Rank correlation: species richness and phylogenetic diversity, ρ = 
0.44, p < 0.001; species richness and functional diversity, ρ = 0.62, p < 0.001; phylogenetic and 
functional diversity, ρ = 0.53, p < 0.001 (Table 2); however, there are important spatial 
mismatches between dimensions of biodiversity and IBI. For example, in the case of South 
America, species richness is highest in the Amazon basin (Fig. 4a), phylogenetic diversity is 
fairly even throughout (Fig. 4b), and functional diversity is highest in the dry Chaco (Fig. 4c). 
While IBI, by definition, balances all three dimensions (Fig. 4d), there are considerable spatial 
mismatches between species richness and IBI (Figs. 4e, S1).  
Of all 398 extant parrot species (Appendix 3), 30 were particularly sensitive to climate 
(i.e. first quartile of mean CS values) and are currently poorly protected (i.e. last quartile for 
currently protected range; Table 3). In general, the equatorial west coast of Africa, the Amazon 
Basin, southeastern Australia, and the Brazilian Caatinga have the highest climate sensitivity, 
whereas the Australian outback, sub-Saharan Africa, and eastern slope of the southern Andes are 
the most resistant to climate change (Fig. S2). In contrast, the map of Protection Opportunity is 
highly fragmented, albeit with relatively high representation in northern and central South 
America (Fig. S3). The areas of highest conservation priority for parrots (i.e. sites with higher 
multidimensional biodiversity (IBI), higher resistance to climate change, and greatest protection 






Paraguay and Bolivia to northern Argentina (Fig. 5). However, excluding climate change effects 
from these analyses (Priorityw/o; Fig. 6a) results in prioritization of areas more sensitive to 
climate change, including the Amazon basin and northern South America, higher elevations of 
the Andes, coastal western Africa, Borneo, and southeastern Australia (Fig. 6b). 
 
DISCUSSION 
Implications for parrot conservation planning 
Considering both climate change and multiple dimensions of diversity, the highest priority areas 
for parrot conservation are in Australia and central South America. We use the term “priority” 
not to assert that these are the most intrinsically valuable targets for global conservation actions – 
value must take into account available resources, the possibility of action, and locally determined 
factors – rather, as a designation for areas that warrant further research and attention, prior to 
making final conservation decisions. Overall, most of Australia, the island of New Guinea, and 
to a lesser extent, the Amazon Basin are the highest in integrated diversity (IBI). Because parrots 
and regions with the highest levels of species richness are generally understudied (Brito and 
Orpea 2009, Ducatez and Lefebvre 2014, Wilson et al. 2016), the results of our IBI analysis can 
help focus future research on parrots on areas of greatest need. Importantly, our approach can be 
extended to include any taxon with sufficient occurrence, trait, and phylogenetic data.  
Certainly, aside from climate change and the multiple dimensions of diversity, other 
considerations need to be taken into account in conservation planning. For example, most 
conservation agencies are regional or local in scale, and lack the capacity to engage in 
conservation planning at a global scale. It may be useful for many organizations to use our 






however, global scale studies may help coordinate actions between regional and local agencies. 
For instance, the Neotropics score rather low (Fig. 2) in phylogenetic diversity, compared to 
other regions, because only one subfamily (Arinae) is endemic there. However, this subfamily 
diversified relatively quickly (Davies et al. 2007, Wright et al. 2008) and is the most species rich 
subfamily in the parrot tree, accounting for the discrepancies between PD and other dimensions 
of diversity in South America (Fig. 4). Maps of functional and phylogenetic diversity generated 
using only the species pool of parrots found in the Neotropics (i.e. the Arinae) would look 
different than those presented here (Figs. 2 and 4).   
The areas we identify as high priority correspond with results from other global 
prioritization research, with some notable exceptions. For instance, Myers et al. (2000), who 
contributed the seminal “hotspots” paper, and included a wide variety of taxa, also identified 
Brazil’s Cerrado and the southern expanse of the tropical Andes as areas of high priority; 
however, they did not prioritize sub-Saharan Africa or central Australia. This difference may 
arise from the fact that many of the areas Myers et al. (2000) did prioritize (e.g. Brazil’s Atlantic 
Forest, west-African forests, and Sundaland) are relatively more sensitive to recent climate 
change than other areas within the global parrot distribution (Fig. S2), or because they only 
considered species richness and prioritized areas with the most endemic species.  
The incorporation of socio-economic data into conservation decisions can help to 
anticipate or detect changes on the ground and adapt management targets based on these changes 
(Armsworth et al. 2015). For example, high levels of urbanization correlate with increased 
number of parrot species, and a country’s GDP (per capita) increases the degree of threat level 
(Olah et al. 2016). A potential way forward in the prioritization of areas for conservation is to 






approach could identify areas within countries with increasing urbanization and increasing per 
capita GDP, with relatively high levels of diversity and resistance to climate change, to allow 
early intervention, before the effects of processes that lead to extinction (e.g. habitat loss and 
increased hunting) are irreversible. At a local scale, incorporating land values and cost of 
acquisition (see Field 2016) may help increase the usefulness of the framework.  
 
Multiple dimensions of biodiversity and conservation planning 
While our results suggest that a moderate level of correlation among dimensions of 
biodiversity exists (Table 2), this does not mean that one dimension is necessarily a good 
surrogate for another. For instance, if a conservation agency were to decide that species richness 
hotspots were sufficient to set priorities for parrot conservation in South America, they would 
focus on the Amazon River basin (Fig. 4a), largely ignoring the high degree of functional 
diversity in the dry Chaco region, which is the highest functional diversity in the world, for 
parrots (Fig. 4c). However, by incorporating all aspects of diversity in the IBI metric, both of 
these aspects of diversity are weighted (equally) and included (Fig. 4d), allowing the 
conservation agency to make a more informed decision about which areas needed to be 
prioritized. Importantly, any specific dimension of biodiversity can be emphasized (or de-
emphasized) within our framework in accordance with the goals of any individual project. The 
mismatch between species richness and IBI (Figs 4e, S1) is an example of why it is important to 
consider all aspects of biodiversity, and not to assume that protection of one dimension means 
that all dimensions are also similarly protected at local or regional scales. Spatial mismatch 
among hotspots of different dimensions has also been documented for mammals (Mazel et al. 






goals of conservation plans and incorporate necessary data into an integrated framework to 
understand the relative value of particular policy options before taking action.  
While we do not explore extinction risk specifically, parrot species with larger ranges 
generally are less at risk of extinction, whereas larger body size and forest dependency are traits 
that may increase extinction risk (Jones et al. 2006, Olah et al. 2016). Using the results of our 
analyses of each functional diversity component (Figs S4-S8), it may be useful to look at areas 
with low diversity for the traits most associated with extinction risk including: morphology or 
body size (Fig. S4), location (Fig. S6), or range size (Fig. S8), as the first steps in identifying 
areas where many species exhibit these traits, resulting in greater extinction risk. Similarly, 
because considering all components of functional diversity together can obscure important 
patterns more relevant to specific questions (Spasojevic and Suding 2012, Lopez et al. 2016), 
conservation agencies concerned primarily about protecting ecosystem functioning or ecosystem 
services, may wish to focus on diet and foraging strategy diversity (Figs S5 and S7, 
respectively), as opposed to functional diversity taken as a whole. 
The network of conservation areas in France provides varying levels of protection for 
bird species richness, phylogenetic diversity, and functional diversity (Devictor et al. 2010). A 
potential extension of our framework would be to evaluate how well particular dimensions of 
biodiversity are protected, as a means of weighting the IBI equation to emphasize or de-
emphasize particular dimensions when prioritizing areas to protect. Similarly, measures such as 
“ED” (Evolutionary Distinctiveness; Isaac et al. 2007) and “EDGE” (Evolutionary 
Distinctiveness / Globally Endangered; Isaac et al. 2007), and “EDR” (Evolutionary 






ensure that distinct clades of the parrot tree are given more weight when assessing conservation 
priorities.   
Conservation planning and climate change 
Climate change will have both direct and indirect effects on species range shifts (Jones et 
al. 2015). Direct effects are based on the physiological tolerances of species, as they track their 
climatic niche as temperature and precipitation patterns change. Indirectly, climate change will 
also affect human land use patterns (Turner et al. 2010), which may limit or form barriers against 
the dispersal of individuals (Faleiro et al. 2013). For this reason, preserving connectivity among 
habitat patches may be a key element of effective conservation strategies in the face of climate 
change (Schmitz et al. 2015). For instance, the “human footprint” has changed from 1993 to 
2009 on a global scale (Venter et al. 2016). It is concerning that some of the areas highlighted in 
our study as high priority (Fig. 5) have been progressively more degraded in the recent past, 
including sub-Saharan Africa and the belt across central South America. These observations 
further illustrate the difficulty and the challenges ahead for conservation agencies interested in 
protecting parrots (and all other taxa generally).  
A majority of hotspots, regardless of definition or dimension of biodiversity, are not 
currently well-protected. In general, effects of recent climate change have been greater at high 
elevations and in tundra compared to tropical and subtropical lowland regions (Seddon et al. 
2016) that harbor most species of parrots. Nonetheless, many parrot species occur in areas that 
are sensitive to climate change (Table 3). Based on a combination of species richness, number of 
threatened species, and number of endemic species, Indonesia, Brazil, Australia, Columbia, and 






some extent, these areas overlap with our prioritization results (Fig. 5), but the overlap is reduced 
when climate change is included (Fig. 6).  
Given the extent and severity of the effects of climate change, conservation agencies face 
a daunting task. Conservation planning must balance current protection needs with future 
expectations as species shift their ranges, adapt to changing conditions, and assemble into novel 
communities. Further complicating future conservation efforts is the push and pull between 
different scales of conservation prioritization (i.e. the “actors” v. the “stage”; Tingley et al. 
2014). We identified a list of 30 parrot species that are highly sensitive to climate change and 
poorly unprotected (Table 3). For conservation agencies focused on protecting individual 
species, our results suggest that these species may be more at risk of extinction or population 
declines than currently assessed by the IUCN. While some conservation agencies may opt to 
focus on individual species, due to public and political preferences (Mace 2004), a hybrid 
strategy that focuses on particular charismatic at-risk species within important habitats as a 
means to preserve biodiversity of the entire system will be more effective (Tingley et al. 2014). 
For example, an effective approach for parrots could be to focus on areas that are resistant to 
climate change that harbor particularly at-risk species, with the knowledge that the parts of their 
range that are rapidly changing will be lost but that the a resistant ecosystem and at-risk species 
might be preserved.        
Conclusions 
We present an integrative and flexible framework that can assess multiple dimensions of 
biodiversity and incorporate information such as sensitivity to climate change or efficacy of 






protection level for taxa, or determine the threat posed by climate change to particular species or 
communities. The flexible nature of the framework allows managers to incorporate relevant 
information related to conservation goals to facilitate effective management strategies at any 
spatial extent (e.g. local, regional, global). We identified areas of high priority for conservation 
of entire parrot communities as well as for each extant parrot species. Our framework may be 
improved by including land-property values (at a local scale) to help identify areas where 
conservation organizations can get the best “bang for their buck,” while protecting multiple 
dimensions of biodiversity in resistant habitats. Depending on the goals of the conservation 
agency, it may also be useful to include other diversity indices, such as Evolutionary Distinctness 
/ Globally Endangered (“EDGE”; Isaac et al. 2007) or recent land-use change (e.g. Venter et al. 
2016), to help identify areas occupied by species with unique evolutionary histories, or areas 
undergoing rapid degradation through human activity, respectively.  
This easy-to-use index has the advantage of being intuitive, making it more likely to be 
useful to conservation managers, while also being adaptable to different conservation priorities. 
For instance, if an organization is interested in considering the number of endangered and 
vulnerable species in addition to these other aspects of biodiversity, it would be easy to add that 
as another category. Alternatively, if an organization prioritizes one aspect of biodiversity over 
others (for instance, an organization more focused on preserving ecosystem services, which may 
want to prioritize functional diversity or specific functional components), they can simply weight 
that specific dimension of biodiversity more heavily in the calculation of IBI. The flexibility of 
this framework is important because we cannot continue with the same conservation strategies 
used in the past and we should “never lose sight of the fact that the key to protecting the diversity 
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Range Size Area km
2
Table 1: Functional attributes that reflect niche axes (functional components) were used 
to estimate functional biodiversity of parrot assemblages for each 500 km
2 









S PD FD All FD Morph FD Diet FD Location FD Strategy FD Range
S 0.44 0.62 0.60 0.61 0.53 0.22 0.52
PD 0.44 0.53 0.70 0.37 0.44 0.27 0.37
FD All 0.62 0.53 0.63 0.80 0.74 0.66 0.79
FD Morph 0.60 0.70 0.63 0.43 0.37 0.21 0.48
FD Diet 0.61 0.37 0.80 0.43 0.52 0.66 0.48
FD Location 0.53 0.44 0.74 0.37 0.52 0.36 0.48
FD Strategy 0.22 0.27 0.66 0.21 0.66 0.36 0.42
FD Range 0.52 0.37 0.79 0.48 0.48 0.48 0.42
Table 2. Spearman Rank correlation values of ρ for each dimension of diversity. All values: p > 0.0001 and n = 21,078. S = species richness. PD 






Species Common Name IUCN Status
*
Mean Min 1st Quartile 3rd Quartile Max Range Size (km
2)* % Protected
Prioniturus verticalis Sulu Racquet-tail CR 21.88 1.58 16.77 25.61 77.13 620 0.00
Cacatua sulphurea Yellow-crested Cockatoo CR 21.79 2.95 16.83 25.68 77.13 255000 12.87
Pyrrhura orcesi El Oro Parakeet EN 26.86 6.83 19.67 31.14 78.36 750 0.00
Amazona finschi Lilac-crowned Amazon EN 22.07 14.25 20.39 23.90 27.94 111000 7.57
Brotogeris pyrrhoptera Grey-cheeked Parakeet EN 21.56 6.50 16.81 25.13 67.56 9300 11.69
Charmosyna palmarum Palm Lorikeet VU 22.59 1.21 17.02 26.91 71.48 11300 3.90
Forpus xanthops Yellow-faced Parrotlet VU 22.41 2.68 17.14 26.19 71.48 2400 8.94
Lorius garrulus Chattering Lory VU 21.93 7.41 17.01 25.59 68.57 25000 9.08
Tanygnathus gramineus Black-lored Parrot VU 21.62 2.95 17.17 26.16 43.31 1400 0.84
Vini peruviana Blue Lorikeet VU 21.48 10.49 17.29 24.50 38.04 1700 2.00
Loriculus pusillus Yellow-throated Hanging-parrot NT 24.29 11.86 17.91 30.54 46.49 62400 8.38
Charmosyna meeki Meek's Lorikeet NT 23.14 4.79 17.24 27.57 69.71 6200 0.08
Charmosyna margarethae Duchess Lorikeet NT 22.55 2.68 17.32 26.41 73.85 27000 0.54
Trichoglossus rubiginosus Pohnpei Lorikeet NT 22.41 11.77 18.46 26.51 29.72 350 5.23
Lorius albidinucha White-naped Lory NT 22.32 1.58 17.20 26.12 77.13 2300 0.00
Loriculus tener Bismarck Hanging-parrot NT 21.80 5.26 16.88 25.80 47.86 26300 0.80
Enicognathus leptorhynchus Slender-billed Parakeet LC 23.04 13.03 18.38 25.93 42.24 127000 11.01
Northiella haematogaster Bluebonnet LC 22.74 1.21 17.29 27.02 65.89 1740000 13.00
Psittacula cyanocephala Plum-headed Parakeet LC 22.65 2.16 15.65 25.87 93.73 2780000 6.86
Loriculus sclateri Sula Hanging-parrot LC 22.54 8.56 17.42 26.07 68.57 7400 1.47
Micropsitta pusio Buff-faced Pygmy-parrot LC 22.34 8.83 18.22 25.06 53.88 298000 8.53
Psephotus haematonotus Red-rumped Parrot LC 22.28 1.58 17.11 26.11 77.13 1490000 13.23
Psittaculirostris cervicalis Red-faced Fig-parrot LC 22.21 3.92 17.05 26.06 65.57 191000 1.87
Psittaculirostris edwardsii Edwards's Fig-parrot LC 22.12 1.58 16.78 26.05 69.01 99200 2.79
Charmosyna placentis Red-flanked Lorikeet LC 22.08 2.68 16.90 25.87 73.85 821000 13.22
Chalcopsitta cardinalis Cardinal Lory LC 21.89 7.41 17.07 25.45 68.57 37500 0.96
Eclectus roratus Eclectus Parrot LC 21.82 9.01 16.90 26.53 36.89 1690000 12.21
Lorius lory Black-capped Lory LC 21.77 1.58 16.69 25.72 69.01 676000 12.67
Lorius hypoinochrous Purple-bellied Lory LC 21.74 10.50 16.75 26.79 40.97 61900 2.04
Eos bornea Red Lory LC 21.70 5.18 16.80 25.81 49.69 57900 8.45
Climate Change Sensitivity (CS)
Table 3. Parrot species with the top 25% mean VSI values and then lowest 25% of percentage of range currently protected. These species may be at more risk to population declines or 




Figure 1. Global map of parrot (a) species richness (S) and (b) functional diversity (FD; Rao’s Q, based on Hill numbers). Functional 




Figure 2. Global map of phylogenetic diversity (PD) of parrots (Rao’s Q, based on Hill numbers) associated with a diagrammatic 
representation of the diversification of major clades and their biogeographic affinities. Images of Gondwanaland were redrawn from 
Li and Powell (2001), with paths of dispersal obtained from Schweizer et al. (2010). Subfamilial designations on the cladogram are: 










Figure 3.  Global map of the Integrated Biodiversity Index (IBI) for parrots, which is the sum of species richness, phylogenetic 












Figure 4. Graphical comparison of (a) species richness (S), (b) phylogenetic (PD), and (c) 
functional (FD) diversity patterns as well as (d) IBI of South America and (e) the difference 
between species richness (S) and IBI (∆ IBI), demonstrating that correlation on a global level 
doesn’t predict congruence of hotspots of each dimension at smaller spatial scales. To calculate 
∆ IBI, we scaled the results of panels (a) and (d) to 0-1 (to make them comparable) and we 
subtracted S from IBI, resulting in ∆ IBI, which can range from -1 to 1. Positive scores (purple) 
are areas more emphasized by IBI, whereas negative scores (green) are areas more emphasized 




Figure 5. The prioritization of sites for conservation of parrot biodiversity based on consideration of multiple dimensions of diversity 
(IBI), ecosystem resistance to climate change, and protection opportunity. The areas of highest priority (red) are areas of highest 

















Figure 6. (a) The prioritization of sites for conservation of parrot diversity based on consideration of multiple dimensions of diversity 
(IBI) and protection opportunity, without consideration of ecosystem resistance to climate change (Priorityw/o). The areas of highest 
priority (red) are areas of highest percentiles of parrot IBI and highest levels of current protection opportunity (percentile of 
percentage of each grid cell currently protected). (b) Differences in prioritization between analyses that take climate change into 
account (Priority), and the same analyses without (Priorityw/o). We re-scaled the results in Fig. 5 and Fig. 6a to 0-1 (to make them 
comparable) and we subtracted (Priorityw/o) from (Priority), resulting in ∆Priority, which can range from -1 to 1. Positive scores 
(warmer colors) are areas more highly prioritized when ecosystem resistance to climate change is included in the analysis, whereas 

















Figure S1. Global map of mismatch between IBI and species richness hotspots. To calculate ∆ IBI, we scaled both the results shown 






can range from -1 to 1. Positive scores (purple) are areas more emphasized by IBI, whereas negative scores (green) are areas more 












Figure S2. Map indicating spatial variation in sensitivity to climate change (CS) among areas within the global distribution of parrots 








Figure S3. Map indicating spatial variation in proportional area of grid cells that are protected within the global distribution of parrots 















































APPENDIX 1  
Museums with specimens used in this study 
Biodiversity occurrence data published by: American Museum of Natural History; Benedictine 
College; California Academy of Sciences; Cambridge University; Carnegie Museum of Natural 
History; Chicago Academy of the Sciences; Cornell University Museum of Vertebrates; 
Delaware University Museum of Vertebrates; Field Museum of Natural History; Filson Natural 
History Museum; Forschungsinstitut und Natur-Museum Senckenberg; French National Museum 
of Natural History; Harvard University Museum of Comparative Zoology; Kansas City Public 
Library; Marseille Muséum D'histoire Naturelle; Milwaukee Public Museum; Moore Laboratory 
of Zoology at Occidental College; Natural History Museum, London; Natural History Museum 
of Los Angeles County; New Brunswick Museum; New York State Museum; Ohio State 
University Museum of Zoology; Philadelphia Academy of Natural Sciences; Royal Ontario 
Museum; San Diego Natural History Museum; Santa Barbara Museum of Natural History; 
University of Amsterdam Zoological Museum; University of Berlin Zoological Museum; 
University of California at Berkeley Museum of Vertebrate Zoology; University of California at 
Los Angeles Department of Ecology and Evolutionary Biology; University of Kansas Museum 
of Natural History; University of Michigan Museum of Zoology; U.S. National Museum of 













Citations for all observations georeferenced in occurrence dataset  
Abert, J.W. 1882. List of birds observed on a march from Ft. Leavenworth to Santa Fe in 1846 
and 1847. Journal of the Cincinnati Society of Natural History 5:57-59. 
Abert, J.W. 1846. Journal of Lieut. J. W. Abert from Bent's fort to St. Louis, in 1845. U.S. 
Senate Doc. 438, Vol. 8, 29th Congress, 1st Sess. 
Allen, J.A. 1871. On the mammals and winter birds of east Florida. Florida Bulletin of the 
Museum of Comparative Zoology 2:161-450. 
Allen, W.T. 1959. A Massaachusetts traveler on the Florida frontier (A.W. Thompson, ed). 
Florida History Quarterly 38:129-141. 
Alexander, J.E. 1833. Transatlantic sketches. Key and Biddle, Philadelphia. 
Alston, J.M. 1953. Rice Planter and Sportsman; the Recollections of J. Motte Alston, 1821-1909. 
University South Carolina Press, Columbia. 
Anderson, R.M. 1907. The birds of Iowa. Proceedings of the Davenport Academy of Sciences 
11:125-147. 
Anderson, T.G. 1882. Personal Narrative of Capt. Thomas G. Anderson. Wisconsin History 
Collection 9:137-206. 
Anonymous. 1967. Flocks of parakeets once feasted on Florida berries. Palm Beach Record. 
Ashe, T. 1808. Travels in America, performed in 1806. E.M. Blunt, London. 
Atherton, L.E. 1944. Life, labor, and society in Boone County, Missouri, as revealed in the 
correspondence of an immigrant slave-owning family from North Carolina. Monthly 
History Review 38:277-304, 408-429. 
Atwater, C. 1838. A history of the state of Ohio, natural and civil. Glezan and Shepard, 
Cincinnati, OH.  
Audubon, J.J. 1831. Ornithological biography. Volume 1. Edinburgh. 
Audubon, J.J. 1929. Journal of John James Audubon made during his trip to New Orleans in 
1820-1821. Club of Odd Volumes, Cambridge. 
Audubon, J.J.  1930. Letters of John James Audubon 1826-1840. Club of Odd Volumes, Boston. 
Audubon, J.J. 1942. Journey up the Mississippi. Journal of the Illinois State History Society 
35:148-173. 






Audubon, M. and E. Coues. 1898. Audubon and his journals with zoological and other notes by 
Coues. John C. Nimmo, London. 
Avery, W.C. 1890. Birds observed in Alabama, Part 2. The Sportsman’s Journal 34:607-608. 
Baker, R.H. 1956. Remarks on the former distribution of animals in eastern Texas. Texas Journal 
of Science 8:356-359. 
Barde, F.S. 1912. Field, forest, and stream in Oklahoma. 1912 Annual Report to the State Game 
and Fish Warden. 
Barton, B.S. 1799. Fragments of the natural history of Pennsylvania. Way and Groff, 
Philadelphia. 
Bartram, W. 1958. The Travels of William Bartram. Yale University Press, New Haven. 
Bartsch, P. 1895. Birds extinct in Iowa and those becoming so. Iowa Ornithologist 2:1-3. 
Beckham, C.W. 1887. Additions to the avi-fauna of Bayou Sara, LA. The Auk 4:299-306. 
Bendire, C.E. 1985. Life Histories of North American birds. U.S. National Special Bulletin No. 2 
Smithsonian Contributions to Knowledge Vol. 32. Washington D.C. 
Bent, A.C. 1940. Life histories of North American cuckoos, goat-suckers, hummingbirds and 
their allies. U.S. National Museum Bulletin 176. Washington D.C. 
Bergtold, W.H. 1927. The Carolina paroquet in western New York. The Auk 44:252. 
Bernhard, K. 1828. Travels through North America during the Years 1825 and 1826. Carey, Lea 
and Carey, Philadelphia. 
Berthoud, E.L. 1887. Birds, their geological history, migration and uses. Transcript Press, 
Golden. 
Beyer, M. and Koch, L. 1841. Amerikanische reisen. Immanuel Muller, Leipzig. 
Bishop, N.H. 1879. Four months in a sneak-box. Lee and Shepard, Boston. 
Blane, W.N. 1824. An excursion through the United States and Canada during the years 1822-
23. Baldwin, Cradock and Joy, London. 
Brasher, R. 1962. Birds and trees of North America. Rowman and Littlefield, New York. 
Brewster, W. 1881. With the birds on a Florida river. Bulletin of the Nuttall Ornithological Club 
6:38-44. 
Brewster, W. 1889. Nesting habits of the parakeet (Conurus carolinensis). The Auk 6:336-337. 
Bricknell, J. 1911. The Natural History of North Carolina. North Carolina State Library, Raleigh. 






Bruff, J.G. 1849. Gold rush; the journals drawings, and other papers of J. Goldborough Bruff. 
Columbia University Press, New York. 
Bryant, W.S. 1952. Henry Bryant, M.D., 1820-1867: a biography. Craftsman Press, New York. 
Butler, A.W. 1892. Notes on the range and habits of the Carolina parrakeet. The Auk 9:49-56. 
Butler, A.W. 1931. Some bird records from Florida. The Auk 48:436-439. 
Carter, L. 1965. The diary of Colonel Landon Carter of Sabine Hall, 1752-1778. Virginia 
Historical Society, Richmond. 
Carver, J. 1976. The Journals of Jonathan Carver and Related Documents, 1766-1770 (ed. J. 
Parker). Minnesota Historical Society Press, St. Paul. 
Case, Z. 1951. The migration of Zophar Case from Cleveland to Vandalia, 1829-30. Northwest 
Ohio Quarterly 24:83-91. 
Catlin, G. 1857. Letters and notes on the manners, customs, and conditions of the North 
American Indians. Willis. P. Hazard, Philadelphia. 
Chapman, F.M. 1890. Remarks on a trip to Brevard County, Florida in the spring of 1889. 
Proceedings of the Linnaean Society of New York 2:2. 
Chapman, F.M. 1890. Notes on the Carolina paroquet (Conurus carolinensis) in Florida. 
Proceedings of the Linnaean Society of New York 2:4-6. 
Charlevoix, P.F.X. 1923. Journal of a Voyage to North America. Caxton Club, Chicago. 
Childs, J.L. 1906. Eggs of the Carolina paroquet (Conurus carolinensis). The Warbler 2:65. 
Christy, B.H. 1936. Kirtland marginalia. Cardinal. 4:77-89. 
Clark, W. 1964. The Field Notes of Captain William Clark 1803 – 1805. Yale University Press, 
New Haven. 
Coale, H.K. 1894. Ornithological notes on a flying trip through Kansas, New Mexica, Arizona 
and Texas. The Auk 11:215-222. 
Cohen, M.M. 1836. Notices of Florida and the campaigns. Charleston.  
Collot, G.H.V. 1924. A journey in North America, containing a survey of the counties watered 
by the Mississippi, Ohio, Missouri, and other affluing rivers. O. Lange Firenze, New 
York. 
Cooke, W.W. 1888. Report on the migration in the Mississippi Valley in the years 1884 and 
1885. U.S. Dept. Agriculture Division. Econ. Ornithology, Washington D.C. 






Coues, E. 1877. Western range of Conurus carolinensis. Bulletin of the Nuttall Ornithological 
Club 2:50. 
Cox, S.C. 1860. Recollections of the early settlement of the Wabash valley. Courier Steam Book 
and Job Printing House, Lafayette. 
Cresswell, N. 1925. The Journal of Nicholas Cresswell 1774-1777. Jonathan Cape, London. 
Cuming, F. 1810. Sketches of a tour to the western country, through the states of Ohio and 
Kentucky. Cramer, Spear and Eichbaum, Pittsburgh. 
Davie, O. 1898. Nests and eggs of North American birds. 5th Ed. Langdon Press, Columbus. 
Davis, E.C. 1887. The Carolina parrot in northern Texas. Ornithology and Oology 12:62. 
Davis, J. 1909. Travels of Four Years and a Half in the United States of America. Holt, New 
York. 
Duck, L.G. and J.B. Fletcher. 1945. A survey of the game and furbearing animals of Oklahoma. 
Southwestern Stationary and Bank Supply, Ponca City. 
Duden, G. 1829. Bericht uber eine Reise nach den westlichen Staaten Nordamerika’s und einer 
mehrjahrigen Aufenthalt am Missouri (in den Jahren 1824, 25, 26 und 1827). Sam Lucas, 
Elberfeld. 
Du Ru, P. and Butler, R.L. 1934. Journal of Paul du Ru (February 1 to May 8, 1700), missionary 
priest of Louisiana. Caxton Club, Chicago, IL. 
Eaton, W.F. 1936. Former occurrence of Carolina Paroquet in New Jersey. The Auk. 53:82. 
Edward, D.B. 1836. The history of Texas. J.A. James and Co., Cincinnati, OH. 
Emory, W.H. 1848. Notes of a military reconnaissance, from Fort Leavenworth, in Missouri, to 
San Diego, in California. U.S. Senate Ex. Doc. 7, 30th Congress, 1st Session, 
Washington D.C. 
Evans, E. 1819. A pedestrious tour, of four thousand miles through the western states and 
territories. Joseph C. Spead, Concord. 
Fables, D., Jr. 1955. Annotated list of New Jersey birds. Urner Ornithological Club. 
Featherstonhaugh, G.W. 1835. Geological report of an examination made in 1834, of the 
elevated country between the Missouri and the Red Rivers. U.S. 23rd Cong. 2nd Sess. 
House Exec. Doc. 151:1-97.  
Featherstonhaugh, G.W. 1844. Excursion through the Slave States, from Washington on the 
Potomac to the frontier of Mexico. Harper, New York. 
Ferris, W.A. 1940. Life in the Rocky Mountains 1830-1835. Rocky Mountain Book Shop, Salt 






Fleming, W. 1916. Col. William Fleming's journal in Kentucky from Nov. 10, 1779 to May 27, 
1780. Macmillam, New York. 
Flint, T. 1826. Recollections of the last ten years. Cummings, Hilliard and Co., Boston. 
Force, P. 1846. Tracts and other papers relating principally to the origin, settlement, and progress 
of the colonies of North America. Peter Force, Washington D.C. 
Fordham, E.P. 1906. Personal narrative of travels in Virginia, Maryland, Ohio, Indiana, 
Kentucky. A.H. Clark, Cleveland. 
Foreman, C.T. 1929. A Cherokee pioneer, Ella Floora Coodey Robinson. Chronicles of 
Oklahoma 7:363-374. 
French, B.F. 1846. Historical Collections of Louisiana. Wiley and Putnam, New York. 
Gale, J. 1969. The Missouri expedition 1818 – 1820 (R.L. Nichols, ed.). University of Oklahoma 
Press, Norman. 
Ganier, A.F. A distributional list of the birds of Tennessee. Tennessee Avifauna. 1. (1933) 
Genoways, H.H.; Ratcliffe, B. 2008. Engineer Cantonment, Missouri Territory, 1819-1820: 
America's First Biodiversity Inventory. Great Plains Research 8:3-31. 
Gordon, T. 1909. Ivory-billed woodpecker. Forest and Stream 37:64. 
Goss, N. S. 1886. A revised catalogue of the birds of Kansas. Kansas Publication House, Topeka. 
Gosse, P.H. 1859. Letters from Alabama, Chiefly Relating to Natural History. Morgan and 
Chase, London. 
Gratz, S. and T. Rodney. 1919. Pennsylvania Magazine of History and Biography 43:117-142. 
Greene, M. 1856. The Kanzas region: forest, prairie, desert, mountain, vale, and river. Fowler 
and Wells, New York. 
Guilday, J.E. 1971. Biological and archaeological analysis of bones from a 17th century Indian 
village (46 PU 31), Putnam County, West Virginia. West Virginia Geological and 
Economic Survey, Report on Archeological Investigations No. 4.  
Hahn, P. 1963. Where is that vanished bird? University of Toronto Press, Toronto. 
Hall, J. 1828. Letters from the West. Henry Colburn, London. 
Hamor, R. 1906. A true discourse of the present estate of Virginia. In: Hakluytus posthumus or 
Purchas his pilgrimes. Jas. LacLehose and Sons, Glasgow. 
Hariot, T. 1588. A briefe and true report of the new found land of Virginia. London. 
Harper, L. 1857. Preliminary report on the geology and agriculture of the state of Mississippi. 






Harris, E. 1951. Up the Missouri with Audubon; the journal of Edward Harris. University 
Oklahoma Press, Norman. 
Harris, H. 1919. Birds of the Kansas City region. Trans. Academy Sciences St. Louis. 23:1-371.  
Harris, W.T. 1821. Remarks made during a tour through the United States of America, in the 
years 1817, 1818, and 1819. Sherwood, Neely and Jones, London. 
Hasbrouck, E.M. 1891. The Carolina Paroquet (Conurus carolinensis). The Auk 8:369-379. 
Hastings, R.W. 2009. The lakes of Pontchartrain: their history and environments. University 
Press of Mississippi, Jackson. 
Hay, O.P. 1882. A list of birds from the lower Mississippi valley, observed during the summer of 
1881, with brief notes. Bulletin of the Nuttall Ornithological Club 7:89-94. 
Heartman, C.F. 1941. An immigrant of a hundred years ago. The Book Farm, Hattiesburg. 
Hecklewelder, J. 1888. Narrative of John Hecklewelder’s journey to the Wabash in 1792. 
Pennsylvania Magazine of History and Biography 12:165-184. 
Henshaw, H.W. 1919. Autobiographical notes. The Condor 21:169. 
Herrick, F.H. 1917. Audubon, the Naturalist, a History of his Life and Time. Appleton-Century, 
New York. 
Hertzel, A.X. 2004. A Minnesota Record of the Carolina Parakeet. The Loon. 76:175-181.  
Hildreth, S.P. 1826. Facts relating to certain parts of the state of Ohio. American Journal of 
Science 10:1-8; 152-162; 319-331. 
Hildreth, S. 1842. History of an early voyage on the Ohio and Mississippi rivers. American 
Pioneer. 1:89-105, 128-145. 
Hilton, W. 1664. A relation of a discovery lately made on the coast of Florida. London. 
Hoffman, C.F. 1835. A winter in the West, by a New Yorker. Harper, New York. 
Hopkins, G.T. 1862. A mission to the Indians, from the Indian Committee of Baltimore Meeting, 
to Fort Wayne in 1804. T. Elwod Zell, Philadelphia. 
Howe, H. 1847. Historical collections of Ohio. Author, Cincinnati. 
Howell, A.H. 1911. Birds of Arkansas. U.S. Biological Survey Bulletin 38:1-100.  
Howell, A.H. 1932. Florida bird life. Florida Department of Game and Fresh Water Fish, 
Tallahasee. 
Hoy, P.R. 1865. Journal of an exploration of western Missouri in 1854. Smithsonian Institution 






Hume, E.E. 1942. Ornithologists of the United States Army Medical Corps. Johns Hopkins 
Press, Baltimore. 
Irving, J.T., Jr. 1955. Indian sketches, taken during an expedition to the Pawnee tribes. 
University Oklahoma Press, Norman. 
Irving, W. 1944. The western journals of Washington Irving. University Oklahoma Press, 
Norman. 
James, E. 1823. Account of an expedition from Pittsburgh to the Rocky Mountains, performed in 
the years 1819, 1820. Longman, Hurst, Rees, Orme and Brown, London, UK. 
Jefferson, T. 1894. The writings of Thomas Jefferson, Vol. 3 (P.L. Ford, ed.). Putnam’s. New 
York. 
Jenks, J.W.P. 1878. Hunting in Florida in 1874. Forest and Stream 29:344. 
Jennings, J. 1907. Journal from Fort Pitt to Fort Chartres in the Illinois country, March-April, 
1766. Pennsylvania Magazine of History and Biography 31:145-156. 
Johnston, D.W. 2002. Additional 16th Century bird reports From Florida. Florida Field 
Naturalist 30:1-8. 
Johnston, E. The diary of Eliza (Ms. Albert Sidney) Johnston; the Second Cavalry come to 
Texas. Southwestern History Quarterly 60:463-500. 
Jones, D. 1865. A journal of two visits made to some nations of Indians on the west side of the 
River Ohio In the years 1772 and 1773. Sabin Prints, New York. 
Kirtland, J.P. 1838. Report on the zoology of Ohio. Second Annual Report of the Geological 
Survey of the State of Ohio. 157-200. 
Koch, L. 1841. “Dampfboot-Reise nach St. Louis am Mississippi” and “Reisen und Aufenthalt in 
Missouri.” In Amerikanische Reisen (M. Beyer and L. Koch, eds.). Immanuel Muller, 
Leipzig. 
Koch, A. 1888. Zwei Monate in West-Florida. Ornithologischer Verein in Wein, Mittheilungen 
12:1-4, 25-26. 
Kumlien L. and N. Hollister. 1903. The birds of Wisconsin. Bulletin Wisonsin Natural History 
Society 3:1-143. 
Langdon, F.W. 1881. Field notes on Louisiana birds. Journal of Cincinnati Society Natural 
History 4:145-155. 
Langdon, F.W. 1887. A catalogue of the birds of the vicinity of Cincinnati, with notes. 
Naturalists' Agency, Salem. 






Laudonniere, R. 1602. A note of such commodities as are found in Florida next adjoining to the 
South part of Virginia, taken out of the description of the said countrey, written by 
Mounsieur Rene Laudonniere, who inhabited there two Sommers and one winter in A 
Breife and true Relation of the Discoverie of the North Part of Virginia (J. Brereton, ed). 
London. 
Laurent, P. 1906. Bird notes from a Florida porch. Bird-Lore 8:67. 
Lawrie, A. 1944. Lawries's trip to northeast Texas, 1854-1855. South-western History Quarterly 
48:238-253. 
Lewis, M. and W. Clark. 1904. Original journals of the Lewis and Clark expedition, 1804-1806. 
Dodd, Mead and Co., New York. 
Libhart, J.J. 1869. Ornithology in an Authentic History of Lancaster County (J.I. Momber ed.). J. 
E. Barr and Co., Lancaster. 
Loskiel, G.H. 1794. History of the mission of the United Bretheren among the Indians of North 
America. Bretheren’s Society and John Stockdale, London. 
Lyman, H.M. and Elmore, S.E. 1857. The Florida expedition. Williams College Quarterly 4:293-
328. 
Macbride, T.H. 1928. In cabins and sod-houses. State History Society of Iowa, Iowa City. 
Macdonald, D. 1942. The diaries of Donald Macdonald 1824-1826. Indiana History Society 
Publication 14:143-379. 
Mason, R.L. 1915. Narrative of Richard Lee Mason in the Pioneer West, 1819. Charles F. 
Heartman, New York. 
Maynard, C. J. 1881. The birds of eastern North America. C.J. Maynard Company, Newtonville. 
Maynard, C.J. 1928. Adventures of a naturalist in Florida from 1866-1900. Florida Naturalist 
2:50.  
McAtee, W.L. 1905. Ecological notes on the birds occurring within the radius of five miles of 
the Indiana University campus. Proceedings of the Indiana Academy of Sciences 
1904:65-202. 
McCrary, J.M. 1891. The Carolina paroquet in Florida. Forest and Stream 37:183. 
McKinley, D. 1960. The Carolina Parakeet in Pioneer Missouri. The Wilson Bulletin 72:274-
287. 
McKinley, D. 1964. History of the Carolina Parakeet in its Southwestern Range. The Wilson 
Bulletin 76:68-93. 







McKinley, D. 1976. The Carolina Parakeet in Indiana. Indiana Audubon Quarterly 54:97-107. 
McKinley, D. 1977. Records of the Carolina Parakeet in Ohio. Ohio Journal of Science 77:3.  
McKinley, D. 1977. The Carolina Parakeet in Georgia: a review of reports. The Oriole 42:21-25.  
McKinley, D. 1978. The Carolina Parakeet in the Virginias: a review. The Raven 49:3-10.  
McKinley, D. 1978. The Carolina Parakeet in Alabama, a History. EOS (Alabama Museum 
Natural History) 1:7. 
McKinley, D. 1978. The Carolina Parakeet in Illinois: a recapitulation. Indiana Audubon 
Quarterly. 56:53-68. 
McKinley, D. 1978. The Carolina parakeet in the west: additional references. The Nebraska Bird 
Review 46:3-7. 
McKinley, D. 1979. A Review of the Carolina Parakeet in Tennessee. The Migrant 50:1-6. 
McKinley, D. 1979. Historical review of the Carolina parakeet in the Carolinas. Brimleyana. 81-
89. 
McKinley, D. 1979. History of the Carolina parakeet in Pennsylvania, New Jersey, Delaware, 
Maryland and the District of Columbia. Maryland Birdlife 35:3-10. 
McKinley, D. 1979. The Carolina Parakeet in Kentucky. The Indiana Audubon Quarterly 
57:187-195. 
McKinley, D. 1981. The Carolina Parakeet in Mississippi: A Historical Review. The Mississippi 
Kite. 11:2-6. 
McKinley, D. 1985. The Carolina Parakeet in New York and Ontario: A Review and a Footnote. 
The Kingbird. 167-172. 
McKinley, D. and J. W. Hardy. 1985. The Carolina Parakeet in Florida. Florida Ornithological 
Society, Gainesville. 
McKinley, D. and D. James. 1984. A Summary Account of the Carolina Parakeet in Arkansas. 
Arkansas Academy of Science Proceedings 38:64-67. 
Meredith, H. 1922. An Account of the Cape Fear Country 1731. Charles F. Heartman, Perth 
Amboy. 
Merriam, C.H. 1874. Ornithological notes from the South II. American Naturalist 8:85-89. 
Merriam, C.H. 1892. The Carolina Paroquet (Conurus carolinensis) in Missouri. The Auk 9:301. 







Mills, R. 1826. Statistics of South Carolina, including a View of its Natural, Civil, and Military 
History, General and Particular. Hulbert and Lloyd, Charleston. 
Miranda, F. D. 1963. The diary of Francisco de Miranda; tour of the United States 1783-1784. 
University of Oklahoma Press, Norman. 
Mitchell, H.L. 1869. Note on the parakeets at Tampa. Florida Peninsular (27 Feb ed.). 
Mittleberger, G. 1960. Gottlieb Mittleberger’s Journey to Pennsylvania in the Year 1750. 
Belknap Press, Harvard University, Cambridge. 
Mollhausen, B. 1858. Diary of a journey from the Mississippi to the coasts of the Pacific with the 
United States government expedition. Longmans and Roberts, London. 
Mooney, C.C. 1961. From Old Vincennes, 1815 (letter of Caleb Lownes). Indiana Magazine of 
History 57:141-154. 
Moseley, E.L. 1904. Notes from Sandusky, Ohio. Wilson Bulletin 16:112. 
Mulkearn, L. 1954. George Mercer papers relating to the Company of Virginia. University 
Pittsburgh Press, Pittsburgh. 
Murphey, E.E. 1937. Observations on the bird life of the middle Savannah valley 1890-1937. 
Charleston Museum, Charleston.  
Murray, A.M. 1857. Letters from the United States, Cuba and Canada. Putnam and Co., New 
York. 
Murray, C.A. 1839. Travels in North American during the years 1834, 1835, and 1836. Harper 
and Bros., New York. 
Nehrling, H. 1896. Our native birds of song and beauty. Brumder, Milwaukee. 
Nice, M. M. 1931. The birds of Oklahoma. Publication University Oklahoma Biol. Survey 3:1-
224. 
North, A. 1923. Asahel North – biographic sketch and diary. Journal of the Illinois State 
Magazine of History 57:141-154. 
Nutall, T. 1821. Journal of travels into the Arkansa territory, during the year 1819. Thos. W. 
Palmer, Philadelphia. 
Nutall, T. 1840. A Manual of the Ornithology of the United States and of Canada - Land Birds 
Hilliard, Gray and Co., Boston. 
“Ober.” 1874. Forest and Stream 2:162. 
Oberholser, H.S. 1938. The Bird Life of Louisiana. Louisiana Department of Conservation. 
Baton Rouge.   






Owen, W. 1906. Diary of William Owen from November 10, 1824 to April 20, 1825. Indiana 
History Society Publication 4:1-134. 
Page, F.B. 1846. Prairiedom; rambles and scrambles in Texas or New Estremadura (2nd ed.). 
Paine and Burgess, New York. 
Peale, T.R. 1947. The journal of Titian Ramsay Peale, pioneer naturalist. Missouri History 
Review 41:147-163, 266-284. 
Pierson, G.W. 1938. Tocqueville and Beaumont in America. Oxford University Press, New 
York. 
Pindar, L.O. 1889. List of birds of Fulton County, Kentucky. The Auk 6:310-316. 
Quaife, M.M. 1947. The western country in the 17th century; the memoirs of Lamothe Cadillac 
and Pierre Liette. Donnelley, Chicago. 
Read, M.C. 1853. Catalogue of the birds of northern Ohio. Proceedings of the Academy of 
Natural Sciences Philadelphia 6:395-402.  
“Red-Wing.” 1885. Rare Florida Birds. Forest and Stream 24:487. 
Reeves, E. 1896. Extracts from the letter-books of Lt. Enos Reeves, of the Pennsylvania Line. 
Pennsylvania Magazine of History and Biography 20:302-314. 
Rhoads, S.N. 1895. Contributions to the zoology of Tennessee, No. 2. Birds. Proceedings of the 
Academy of Natural Sciences Philadelphia. 47:463-501. 
Ridgway, R. 1916. Birds of North and Middle America, Pt. 7. U.S. National Museum Bulletin 
50:1-543. 
Salley, A.S. 1911. Narratives of Early Carolina, 1650-1708. Scribners, New York. 
Schoolcraft, H.R. 1819. A view of the lead mines of Missouri. C. Wiley and Co., New York. 
Schoolcraft, H.R. 1825. Travels in the central portions of the Mississippi valley. Collins and 
Hannay, New York. 
Schoolcraft, H.R. 1851. Personal memoirs of a residence of thirty years with the Indiana tribes of 
the American frontiers. Lippincott, Grambo, and Co., Philadelphia. 
Scott, W.E.D. 1881. On birds observed in Sumter, Levy, and Hillsboro’ counties, Florida. 
Bulletin of the Nuttall Ornithological Club 6:14-21. 
Scott, W.E.D. 1889. A summary of observations on the birds of the Gulf coast of Florida. The 
Auk 6:249-250. 
Scott, W.E.D. 1903. The story of a bird lover. Outlook Co., New York. 






Shirreff, P. 1835. A tour through North America. Oliver and Boyd, Edinburgh. 
Smith, H.M. and W. Palmer, 1888. Additions to the avifauna of Washington and vicinity. The 
Auk 5:147-148. 
Snyder, N. F. 2004. The Carolina Parakeet: Glimpses of a vanished bird. Princeton University 
Press, Princeton. 
Steiner, A. and de Schweinitz, F.C. 1927. Report of the journey of the Brethren Abraham Steiner 
and Frederick C. de Schweinitz to the Cherokees and the Cumberland settlements (1799). 
Watuga Press, Johnson City. 
Stresemann, E. 1954. Augestorbene und austerbende volgelarten, vertreten im zoologische 
Museum zu Berlin. Mitteilungen aus den Zoologischi Museum Berlin 30:38-53. 
Stone, W. 1894. The birds of eastern Pennsylvania and New Jersey. Delaware Valley 
Ornithological Club, Philadelphia. 
Thomas, D. 1819. Travels through the Western Country in the summer of 1816. David Rumsey, 
Auburn, NY. 
Thompson, C. and M.C. Ely. 1989. Birds in Kansas, Vol. 1. University Press of Kansas, 
Lawrence. 
Tixier, V. 1940. Tixier's travels on the Osage prairies. University Oklahoma Press, Norman, OK. 
Townsend, F.T. 1875. Wild life in Florida. Hurst and Blackett, London.  
Townsend, J.K. 1839. Narrative of a journey across the Rocky Mountains to the Columbia River. 
Perkins and Marvin, Philadelphia. 
Trippe, T.M. 1873. Notes on the birds of southern Iowa. Proceedings Boston Society Natural 
History 15:229-242. 
von Reck, P.F. 1846. An extract of the journals… the first transport of Salzburgers to Georgia. 
Peter Force's Tracts and Other Papers 4:1-37.  
“W.” 1904. A cheap winter in Florida. Forest and Stream 63:442.  
Warren, G.K. 1875. Preliminary report on explorations in Nebraska and Dakota, in the years 
1855-56-57. Government Printing Office, Washington, D.C. 
Wayne, A.T. 1895. Notes on the birds of the Wacissa and Aucilla river regions of Florida. The 
Auk 12:362-367. 
Wheaton, J.M. 1882. Report on the birds of Ohio. Report of the Geological Survey of Ohio 
4:187-628.  
Widmann, O. 1907. A preliminary catalog of the birds of Missouri. Transactions of the Academy 






Wied-Neuwied, M.A.P. 1841. Reise in das innere Nord-America in den Jahren 1832 bis 1834. J. 
Hoelscher, Coblenz. 
Wied-Neuwied, M.A.P. 1857. Ueber den Papagei von Nord America. Psittacus carolinensis. 
Lin. Journal fur Ornithologie 5:97-105. 
Wied-Neuwied, M.A.P. 1906. Travels in the interior of North America (H.E. Lloyd, trans.) Vols. 
22-25 in Early Western Travels (R.G. Thwaites, ed.). A.H. Clark Co., Cleveland. 
Wilhelm, P. 1941. First journey to North America in the years 1822 to 1824. South Dakota 
History Collection 19:7-47.  
Wilson, A. 1811. American ornithology; or, the natural history of the birds of the United States, 
Vol. 3. Bradford and Inskeep, Philadelphia. 
Wilson, A. 1828. American ornithology with a sketch of the author's life by George Ord. 
Harrison Hall, Philadelphia.  
Woods, J. 1822. Two years’ residence in the settlement on the English prairie, in Illinois country. 
Longman, Hurst, Rees, Orme, and Brown, London. 
Wright, A.H. 1912. Early records of the Carolina Parakeet. The Auk. 29:343-363. 
Wyman, J. 1899. A geographical sketch of the Alabama Territory. Transactions of the Alabama 
















We identified potential source trees for parrots from online resources and searched The Web of 
Knowledge Science Citation Index from 1980 to 2015 using the search terms: phylog*, 
taxonom*, systematic*, divers*, cryptic and clad* in conjunction with all scientific and common 
names for the Psittaciformes from superfamily to tribe level. We examined all papers that 
mentioned or implied the existence of a tree in their title or abstract. In addition, we trawled all 
references cited by these papers for additional sources. We digitized all source trees and selected 
metadata in their published form using TreeView (Page 1996) and the Supertree Toolkit (“STK”, 
Hill and Davis 2014). The latter is a fully integrated set of scripts designed to process trees and 
metadata, and to output matrices for Matrix Representation with Parsimony (MRP) supertree 
analysis (Baum and Ragan 2004) or sets of trees for analysis using other supertree methods. This 
new version is either GUI or command line driven, and offers much greater flexibility and 
functionality than its precursor based on a user defined processing pipeline (Davis and Hill 
2010). We included bibliographic information, the types of characters (e.g., molecular or 
morphological) and the methods for tree inference as metadata. We made no corrections for 
synonyms or other apparent errors or inconsistencies in the source trees prior to processing. 
It is vital to ensure that source trees are treated in a consistent and repeatable manner in 
assembling a supertree (Bininda-Emonds et al. 2004, Gatesy et al. 2004). The STK was devised 
to increase the accuracy and uniformity of approach, as well as to speed data processing. We 
followed the protocol described by Davis and Page (2014) and used in Davis et al. (2015). 
Moreover, we ensured that source trees met several criteria before inclusion in analyses.  First, 
only trees explicitly presented by their authors as a reconstruction of evolutionary relationships 






included those derived from an explicit matrix of characters). Second, we only included 
phylogenies comprising clearly identified species and genera or higher taxa with clearly 
identifiable characters. Third, we only included trees derived from the analysis of a novel, 
independent dataset.  Non-independent studies were those that used identical matrices (i.e., the 
same taxa and characters), or where one matrix was a subset of the other. In the former case, we 
weighted the “identical” source trees in inverse proportion to their number. In the latter case, we 
removed the less inclusive tree the less inclusive tree from the data set. 
We standardized OTUs (operational taxonomic units) to reduce the inclusion of higher 
taxa, and to remove synonyms and vernacular names (standardised to the taxonomy of del Hoyo 
et al. 2014). Where authors used higher taxonomic designations as proxies for particular 
exemplars, we substituted those with the names of those genera or species. Where no exemplars 
were specified, we removed higher taxa from source trees by substituting those constituent taxa 
present in other source trees as a polytomy in the focal tree, thereby avoiding artificial inflation 
of the data set.  
We checked for taxonomic overlap once the nomenclature was standardized. Each source 
tree required at least two taxa in common with at least one other source tree (Sanderson et al. 
1998). Overlap within our dataset was sufficient; therefore we did not remove any source trees 
and we created a matrix without any further edits. 
Psittaciformes is a small order (398 extant species), and our data set contained 355 species 
from 66 source trees. We inferred our supertree using MRP (Baum and Ragan 2004); the most 
commonly used and most tractable approach with medium to large data sets (Cotton et al. 2006). 
Source trees were encoded as a series of group inclusion characters using standard Baum and 






given node in a source tree as “1”, all taxa not subtended from that node as “0”, and taxa not 
present in that source tree as “?”. We rooted trees with a hypothetical, all-zero outgroup (Ragan 
1992). We analyzed the resulting MRP matrix (Supporting Information S4.Matrix.tnt) using 
standard parsimony algorithms in the TNT software program (Goloboff et al. 2008). We used the 
“xmult=10” option, and ran 1000 replicates for the analysis, each using a different random starting 
point for the heuristic search. This improved exploratory coverage of the tree space, potentially 
avoiding local minima in the solutions. 
The analysis found 960 MPTs of length 3150 steps. We then computed a Maximum Agreement 
Subtree (MAST) in PAUP* 4.0b10 (Swofford 2002); the resulting tree contained 273 taxa and was 
fully resolved. 
Bininda-Emonds and Bryant (1998) noted that the MRP method can lead to the creation of spurious 
clades and relationships that are not present in any of the source trees (“novel clades”). Although 
simulations have suggested that such anomalies are unlikely to be a significant problem (Bininda-
Emonds 2003), empirical studies have found an incidence of novel clades affecting up to 3% of 
taxa in particular studies (Davis and Page 2014). However, we found no novel clades in this 
analysis. 
A complete species tree was necessary to enable phylogenetic diversity analyses. Since the 
resulting supertree contained only 273 of 398 parrot species (69%), we used an algorithm based 
on classification to add the remaining taxa to the tree. We gleaned family, sub-family and genus-
level data from del Hoyo et al. (2014). We added additional species as polytomies, which reduced 







Parsimony methods do not produce trees with meaningful branch lengths and therefore 
external data are required for scaling. Generally, fossil age data and dates of geological events are 
used to assign dates to nodes in the tree after which various algorithms can be employed to 
extrapolate dates for the remaining nodes. Parrots have a poor fossil record and previously 
published molecular phylogenies have used external fossil calibration points from outside 
Psittaciformes (Schweitzer et al. 2011, 2014, 2015). Molecular analyses run with a molecular clock 
produce fully time-calibrated trees; therefore, we used node dates from these published 
phylogenies by applying them to any nodes shared by both the molecular tree(s) and our supertree. 
We allocated dates for the remaining nodes in the supertree using the R package “paleotree” (Bapst 
2012). We used the “equal” method with a minimum branch length of 0.1 Myr, resulting in a fully 
time-calibrated supertree used to estimate phylogenetic diversity. 
 
APPENDIX 3 REFERENCES 
Bapst, D. W. 2012. paleotree : an R package for paleontological and phylogenetic analyses of 
evolution. - Methods Ecol Evol 3: 803-807. 
 
Baum B.R. and Ragan M.A. 2004. The MRP method. - In: Bininda-Emonds O.R.P. (ed.), 
Phylogenetic Supertrees: Combining information to reveal the tree of life - Kluwer 
Academic, pp. 17-34. 
Bininda-Emonds O.R.P., Jones K.E., Price S.A., Cardillo M., Grenyer R., and Purvis A. 2004. 
Garbage in, garbage out: data issues in supertree construction. - In: Bininda-Emonds 
O.R.P. (ed.), Phylogenetic Supertrees: Combining information to reveal the tree of life - 
Kluwer Academic, pp. 267-280. 
Cotton, J. A., Slater, C. S. C., Wilkinson, M. and Steel, M. 2006. Discriminating Supported and 
Unsupported Relationships in Supertrees Using Triplets. - Syst Biol 55: 345-350. 
Davis, K. E., Hesketh, T. W., Delmer, C. and Wills, M. A. 2015. Towards a Supertree of 
Arthropoda: A Species-Level Supertree of the Spiny, Slipper and Coral Lobsters 






Davis, K. E. and Page, R. D. M. 2014. Reweaving the Tapestry: a Supertree of Birds. - PLoS 
Currents doi: 10.1371/currents.tol.c1af68dda7c999ed9f1e4b2d2df7a08e. 
Davis, K. E. and Hill, J. 2010. The Supertree Tool Kit. - BMC Research Notes 3: 95.  
Gatesy, J., Baker, R. H. and Hayashi, C. 2004. Inconsistencies in Arguments for the Supertree 
Approach: Supermatrices versus Supertrees of Crocodylia. - Syst Biol 53: 342-355. 
Goloboff, P. A., Farris, J. S. and Nixon, K. C. 2008. TNT, a free program for phylogenetic 
analysis. - Cladistics 24: 774-786. 
Hill, J. and Davis, K. 2014. The Supertree Toolkit 2: a new and improved software package with 
a Graphical User Interface for supertree construction. - Biodivers Data J 2: 1-12. 
Page, R. D. 1996. TreeView: an application to display phylogenetic trees on personal computers. 
- Computer Applications in the Biosciences 12: 357. 
Sanderson, M. J., Purvis, A. and Henze, C. 1998. Phylogenetic supertrees: assembling the trees 
of life. - Trends Ecol Evol 13: 105-109. 
Schweizer, M., Seehausen, O. and Hertwig, S. T. 2011. Macroevolutionary patterns in the 
diversification of parrots: effects of climate change, geological events and key 
innovations. - J Biogeogr 38: 2176-2194. 
Schweizer, M., Wright, T. F., Penalba, J. V., Schirtzinger, E. E. and Joseph, L. 2015. Molecular 
phylogenetics suggests a New Guinean origin and frequent episodes of founder-event 
speciation in the nectarivorous lories and lorikeets (Aves: Psittaciformes). - Mol 
Phylogenet Evol 90: 34. 
Schweizer, M., Güntert, M., Seehausen, O., Leuenberger, C. and Hertwig, S. T. 2014. Parallel 
adaptations to nectarivory in parrots, key innovations and the diversification of the L 
oriinae. – Ecol Evol 4: 2867-2883. 
Swofford, D.L. 2002. PAUP*: phylogenetic analyses using parsimony (* and other methods). 
Version 4 [computer program]. - Sinauer Associates, Inc. 












Taxonomy Climate Change Sensitivity (CS) Protected 





















Agapornis canus Grey-headed Lovebird 
Psittacida
e LC 18.2 0.30 5.0 4.3 14.7 17.5 20.9 
52.
3 413000 15.7 0.32 
Agapornis fischeri Fischer's Lovebird 
Psittacida
e NT 17.0 0.19 4.1 9.1 14.0 16.5 19.8 
27.
7 136000 56.9 0.89 
Agapornis lilianae Nyasa Lovebird 
Psittacida
e NT 18.5 0.33 4.7 8.4 15.2 17.8 21.3 
42.
9 129000 44.0 0.78 
Agapornis nigrigenis Black-cheeked Lovebird 
Psittacida
e VU 19.9 0.57 5.4 4.6 16.2 19.2 22.7 
53.
9 16400 53.3 0.86 
Agapornis personatus Yellow-collared Lovebird 
Psittacida
e LC 21.2 0.72 6.4 3.9 16.7 20.4 24.8 
59.
2 204000 42.0 0.76 
Agapornis pullarius Red-headed Lovebird 
Psittacida
e LC 19.7 0.51 6.2 0.8 15.5 18.8 22.8 
80.
4 2650000 18.6 0.43 
Agapornis roseicollis Rosy-faced Lovebird 
Psittacida
e LC 19.8 0.54 5.7 1.3 15.9 19.1 22.9 
65.
9 469000 24.1 0.53 
Agapornis swindernianus Black-collared Lovebird 
Psittacida
e LC 18.0 0.28 3.8 5.4 15.4 17.9 20.5 
37.
1 1490000 23.1 0.52 
Agapornis taranta Black-winged Lovebird 
Psittacida
e LC 19.4 0.46 4.6 5.5 16.3 18.8 21.7 
59.
4 408000 17.2 0.37 
Alipiopsitta xanthops Yellow-faced Amazon 
Psittacida




7 18.8 22.9 27.1 
31.
2 1900000 32.5 0.66 
Alisterus amboinensis Moluccan King-parrot 
Psittacida
e LC 17.2 0.21 3.5 
10.
5 16.8 17.0 18.8 
21.
8 149000 15.0 0.30 
Alisterus chloropterus Papuan King-parrot 
Psittacida
e LC 19.2 0.44 6.0 1.4 15.3 18.5 22.2 
65.
7 324000 12.1 0.20 
Alisterus scapularis Australian King-parrot 
Psittacida
e LC 19.2 0.43 3.5 6.3 17.0 19.2 21.5 
45.
2 811000 19.1 0.45 
Amazona aestiva Turquoise-fronted Amazon 
Psittacida
e LC 24.5 0.98 
10.
7 3.3 17.7 21.8 28.7 
81.
0 4220000 32.2 0.66 
Amazona agilis Black-billed Amazon 
Psittacida
e VU 22.2 0.86 8.9 0.8 16.4 20.4 25.8 
85.
8 2600 20.1 0.46 
Amazona albifrons White-fronted Amazon 
Psittacida
e LC 19.7 0.51 5.9 0.9 15.6 18.8 22.7 
78.
0 544000 26.8 0.58 
Amazona amazonica Orange-winged Amazon 
Psittacida
e LC 19.3 0.45 3.5 6.5 16.8 19.1 21.5 
44.
7 7420000 47.1 0.79 
Amazona arausiaca Red-necked Amazon 
Psittacida
e VU 15.7 0.11 3.6 3.3 13.2 15.3 17.9 
28.
8 100 27.3 0.58 
Amazona auropalliata Yellow-naped Amazon 
Psittacida
e VU 19.9 0.56 4.5 5.0 16.9 19.9 22.7 
34.
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Amazona autumnalis Red-lored Amazon 
Psittacida
e LC 16.6 0.17 2.9 8.0 14.5 16.4 18.4 
30.
1 876000 34.2 0.69 
Amazona barbadensis Yellow-shouldered Amazon 
Psittacida
e VU 18.3 0.31 4.3 4.5 15.5 18.3 21.0 
47.
7 11000 31.8 0.65 
Amazona bodini Northern Festive Amazon 
Psittacida
e NT 20.3 0.62 3.2 
15.
1 17.9 21.1 22.8 
25.
6 125000 28.0 0.59 
Amazona brasiliensis Red-tailed Amazon 
Psittacida
e VU 16.3 0.14 3.8 1.5 13.7 15.8 18.5 
38.
0 4800 83.5 0.98 
Amazona collaria Yellow-billed Amazon 
Psittacida
e VU 19.9 0.56 3.2 8.1 17.7 19.6 22.0 
33.
3 5400 27.7 0.59 
Amazona diadema Diademed Amazon 
Psittacida
e EN 18.9 0.37 3.9 8.9 16.4 19.1 21.2 
37.
9 63400 75.1 0.96 
Amazona dufresniana Blue-cheeked Amazon 
Psittacida
e NT 20.2 0.60 4.2 5.3 17.3 19.9 22.9 
40.
2 366000 29.0 0.61 
Amazona farinosa Southern Mealy Amazon 
Psittacida
e NT 13.7 0.04 2.4 
12.
4 12.4 12.5 13.7 
17.
3 6790000 51.9 0.85 
Amazona festiva Southern Festive Amazon 
Psittacida
e NT 15.4 0.09 5.4 0.5 11.9 14.3 17.6 
68.
3 689000 55.4 0.88 
Amazona finschi Lilac-crowned Amazon 
Psittacida
e EN 22.1 0.82 2.6 
14.
3 20.4 22.4 23.9 
27.
9 111000 7.6 0.12 
Amazona guatemalae Northern Mealy Amazon 
Psittacida
e NT 15.8 0.11 4.9 2.4 12.2 15.0 18.8 
54.
2 366000 51.6 0.84 
Amazona guildingii St Vincent Amazon 
Psittacida
e VU 19.7 0.52 3.8 9.7 17.1 19.4 22.3 
31.
8 43 77.3 0.96 
Amazona imperialis Imperial Amazon 
Psittacida
e EN 22.7 0.92 7.4 3.8 17.8 21.2 25.9 
80.
9 50 64.3 0.93 
Amazona kawalli White-faced Amazon 
Psittacida
e NT 18.1 0.30 6.2 0.5 13.9 17.1 21.3 
82.
8 883000 57.1 0.89 
Amazona leucocephala Cuban Amazon 
Psittacida
e NT 18.8 0.35 6.0 0.5 14.7 17.9 21.9 
80.
9 17600 31.3 0.64 
Amazona lilacina Lilacine Amazon 
Psittacida
e EN 15.0 0.07 2.9 5.7 13.1 14.7 16.6 
44.
8 67300 6.3 0.10 
Amazona mercenarius Scaly-naped Amazon 
Psittacida
e LC 19.6 0.49 5.9 0.9 15.6 18.7 22.5 
80.
4 433000 29.3 0.62 
Amazona ochrocephala Yellow-crowned Amazon 
Psittacida
e LC 18.8 0.36 5.2 1.5 15.6 18.2 21.2 
79.
7 6630000 52.1 0.86 
Amazona oratrix Yellow-headed Amazon 
Psittacida
e EN 14.2 0.05 3.5 7.1 11.9 13.8 16.1 
51.
6 45400 16.9 0.36 
Amazona pretrei Red-spectacled Amazon 
Psittacida
e VU 19.2 0.43 6.3 0.5 15.1 18.3 22.3 
85.
8 10400 8.6 0.14 
Amazona rhodocorytha Red-browed Amazon 
Psittacida
e EN 19.5 0.48 3.3 7.8 17.3 19.4 21.7 
33.
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Amazona tucumana Tucuman Amazon 
Psittacida
e VU 16.5 0.16 3.9 3.8 13.7 15.9 18.9 
38.
5 69200 16.7 0.36 
Amazona ventralis Hispaniolan Amazon 
Psittacida
e VU 17.3 0.22 5.1 1.8 13.6 16.9 20.6 
66.
0 7100 27.9 0.59 
Amazona versicolor St Lucia Amazon 
Psittacida
e VU 18.0 0.29 4.9 3.5 14.6 17.3 20.6 
42.
4 140 41.8 0.76 
Amazona vinacea Vinaceous-breasted Amazon 
Psittacida
e EN 14.7 0.07 3.1 2.5 12.6 14.5 16.6 
31.
1 106000 16.5 0.35 
Amazona viridigenalis Red-crowned Amazon 
Psittacida
e EN 19.5 0.47 6.3 5.1 14.9 18.3 22.8 
61.
1 7800 2.9 0.08 
Amazona vittata Puerto Rican Amazon 
Psittacida
e CR 19.1 0.41 6.0 0.9 15.1 18.3 22.1 
80.
3 180 7.3 0.12 
Amazona xantholora Yellow-lored Amazon 
Psittacida
e LC 13.7 0.04 5.0 0.5 9.9 12.8 16.8 
50.
4 131000 29.0 0.62 
Anodorhynchus glaucus Glaucous Macaw 
Psittacida
e CR 19.9 0.54 5.4 6.4 16.1 19.1 22.8 
55.
6 1 0.0 0.00 
Anodorhynchus 
hyacinthinus Hyacinth Macaw 
Psittacida
e VU 29.0 1.00 
12.
9 6.8 19.4 25.9 34.4 
77.
5 537000 43.6 0.77 
Anodorhynchus leari Lear's Macaw 
Psittacida
e EN 20.9 0.67 7.4 2.9 16.1 19.6 23.9 
83.
6 3900 100.0 1.00 
Aprosmictus erythropterus Red-winged Parrot 
Psittacida
e LC 19.0 0.41 8.0 0.8 13.7 17.3 22.3 
85.
8 2570000 14.7 0.29 
Aprosmictus jonquillaceus Jonquil Parrot 
Psittacida
e NT 14.7 0.06 3.7 0.5 12.2 14.3 16.7 
58.
4 28500 14.2 0.27 
Ara ambiguus Great Green Macaw 
Psittacida
e EN 19.7 0.52 6.1 1.3 15.5 18.8 22.8 
68.
3 100000 57.4 0.89 
Ara ararauna Blue-and-yellow Macaw 
Psittacida
e LC 20.1 0.58 6.1 0.9 16.0 19.3 23.1 
86.
8 7730000 47.6 0.80 
Ara chloropterus Red-and-green Macaw 
Psittacida
e LC 19.6 0.50 5.6 1.5 16.1 18.8 21.9 
80.
9 8100000 49.3 0.82 
Ara glaucogularis Blue-throated Macaw 
Psittacida
e CR 20.2 0.60 6.4 3.3 16.8 19.0 22.0 
66.
4 61500 21.7 0.50 
Ara macao Scarlet Macaw 
Psittacida
e LC 19.5 0.48 5.9 0.9 15.5 18.8 22.6 
71.
0 6710000 51.4 0.84 
Ara militaris Military Macaw 
Psittacida
e VU 17.7 0.26 4.2 2.2 14.8 17.6 20.4 
38.
5 276000 23.4 0.52 
Ara rubrogenys Red-fronted Macaw 
Psittacida
e EN 20.1 0.59 5.9 3.4 16.1 19.4 23.3 
70.
4 10100 21.4 0.49 
Ara severus Chestnut-fronted Macaw 
Psittacida
e LC 21.8 0.79 6.6 5.3 16.9 21.2 25.8 
47.
9 5770000 41.5 0.75 
Aratinga auricapillus Golden-capped Parakeet 
Psittacida
e NT 17.6 0.26 5.8 1.6 13.4 17.0 20.9 
77.
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Aratinga jandaya Jandaya Parakeet 
Psittacida
e LC 19.5 0.49 4.4 8.9 16.6 19.5 21.8 
42.
4 1510000 39.7 0.74 
Aratinga maculata Sulphur-breasted Parakeet 
Psittacida
e LC 20.4 0.62 5.4 6.4 16.6 19.6 23.3 
55.
3 20000 8.9 0.14 
Aratinga nenday Nanday Parakeet 
Psittacida
e LC 13.6 0.03 4.5 0.5 10.2 12.9 16.3 
49.
7 260000 43.9 0.77 
Aratinga solstitialis Sun Parakeet 
Psittacida
e EN 20.8 0.67 6.1 3.8 16.6 19.9 24.3 
43.
6 96400 26.3 0.57 
Aratinga weddellii Dusky-headed Parakeet 
Psittacida
e LC 23.3 0.95 8.5 4.8 17.3 22.0 27.6 
69.
7 2260000 48.1 0.80 
Barnardius zonarius Australian Ringneck 
Psittacida
e LC 16.1 0.13 3.6 6.0 13.5 16.3 18.6 
49.
7 5310000 17.6 0.39 
Bolbopsittacus lunulatus Guaiabero 
Psittacida
e LC 15.0 0.08 4.9 0.5 11.4 14.3 18.2 
54.
2 212000 11.7 0.18 
Bolborhynchus 
ferrugineifrons Rufous-fronted Parakeet 
Psittacida
e VU 20.9 0.67 6.1 1.7 16.8 20.0 23.9 
67.
4 3200 50.9 0.83 
Bolborhynchus lineola Barred Parakeet 
Psittacida
e LC 19.3 0.45 4.0 5.2 16.6 19.2 21.9 
54.
5 250000 30.3 0.63 
Bolborhynchus orbygnesius Andean Parakeet 
Psittacida
e LC 19.0 0.40 4.1 5.2 15.9 18.9 22.0 
34.
4 191000 23.0 0.52 
Brotogeris chiriri Yellow-chevroned Parakeet 
Psittacida
e LC 15.0 0.08 4.3 0.5 11.9 14.4 17.6 
54.
2 3800000 30.9 0.64 
Brotogeris chrysoptera Golden-winged Parakeet 
Psittacida
e LC 19.2 0.43 4.6 3.9 15.7 19.2 22.6 
41.
6 3110000 54.1 0.87 
Brotogeris cyanoptera Cobalt-winged Parakeet 
Psittacida
e LC 22.1 0.83 7.3 3.9 17.0 21.0 26.0 
58.
3 2570000 44.1 0.78 
Brotogeris jugularis Orange-chinned Parakeet 
Psittacida
e LC 22.1 0.83 7.1 7.4 17.3 21.1 25.7 
68.
6 781000 28.7 0.61 
Brotogeris pyrrhoptera Grey-cheeked Parakeet 
Psittacida
e EN 21.6 0.76 6.8 6.5 16.8 20.5 25.1 
67.
6 9300 11.7 0.18 
Brotogeris sanctithomae Tui Parakeet 
Psittacida
e LC 22.7 0.92 7.7 1.6 17.4 21.4 26.5 
73.
9 1710000 51.7 0.85 
Brotogeris tirica Plain Parakeet 
Psittacida
e LC 19.3 0.44 5.2 7.7 15.8 18.3 21.5 
46.
4 294000 45.2 0.78 
Brotogeris versicolurus White-winged Parakeet 
Psittacida
e LC 17.2 0.21 3.4 8.1 15.0 16.8 19.1 
27.
0 636000 49.5 0.82 
Cacatua alba White Cockatoo 
Cacatuida
e EN 16.3 0.14 4.4 3.7 13.3 15.9 18.7 
60.
8 20400 9.0 0.15 
Cacatua ducorpsii Solomons Corella 
Cacatuida
e LC 17.6 0.26 3.3 7.9 15.4 17.4 19.6 
42.
2 33000 1.0 0.04 
Cacatua galerita Sulphur-crested Cockatoo 
Cacatuida
e LC 17.1 0.20 3.6 4.5 14.6 16.8 19.3 
42.
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Cacatua goffiniana Tanimbar Corella 
Cacatuida
e NT 15.5 0.09 2.7 9.8 13.6 15.3 17.0 
25.
0 4100 9.6 0.16 
Cacatua haematuropygia Philippine Cockatoo 
Cacatuida
e CR 17.6 0.25 3.2 5.6 15.4 17.6 19.7 
42.
2 22700 22.0 0.50 
Cacatua leadbeateri Major Mitchell's Cockatoo 
Cacatuida
e LC 17.3 0.23 5.8 3.3 13.7 16.2 19.5 
80.
5 2880000 21.6 0.50 
Cacatua moluccensis Salmon-crested Cockatoo 
Cacatuida
e VU 15.9 0.12 3.1 5.5 13.9 15.7 17.7 
39.
9 18200 11.4 0.17 
Cacatua ophthalmica Blue-eyed Cockatoo 
Cacatuida
e VU 19.6 0.51 5.8 1.3 15.9 18.6 22.1 
80.
5 19700 0.8 0.03 
Cacatua pastinator Western Corella 
Cacatuida
e LC 16.3 0.13 4.1 2.4 13.4 16.1 18.8 
59.
2 115000 12.0 0.19 
Cacatua sanguinea Little Corella 
Cacatuida
e LC 13.9 0.04 3.5 0.5 11.5 13.5 15.9 
36.
1 5300000 15.8 0.33 
Cacatua sulphurea Yellow-crested Cockatoo 
Cacatuida
e CR 21.8 0.78 7.1 3.0 16.8 20.6 25.7 
77.
1 255000 12.9 0.22 
Cacatua tenuirostris Long-billed Corella 
Cacatuida
e LC 22.6 0.91 7.4 2.7 17.5 21.4 26.3 
73.
9 382000 18.1 0.41 
Callocephalon fimbriatum Gang-gang Cockatoo 
Cacatuida
e LC 18.7 0.34 4.6 3.9 15.3 18.4 21.9 
41.
6 333000 24.5 0.54 
Calyptorhynchus banksii Red-tailed Black-cockatoo 
Cacatuida
e LC 15.6 0.10 3.8 0.5 12.9 15.2 17.8 
68.
1 2800000 14.8 0.30 
Calyptorhynchus lathami Glossy Black-cockatoo 
Cacatuida
e LC 18.4 0.32 4.4 8.4 15.4 17.8 21.1 
42.
9 770000 13.2 0.24 
Chalcopsitta atra Black Lory 
Psittacida
e LC 22.7 0.93 7.5 2.7 17.6 21.6 26.5 
77.
1 77300 20.5 0.46 
Chalcopsitta cardinalis Cardinal Lory 
Psittacida
e LC 21.9 0.80 7.0 7.4 17.1 20.7 25.5 
68.
6 37500 1.0 0.04 
Chalcopsitta duivenbodei Brown Lory 
Psittacida
e LC 22.8 0.93 6.6 8.0 18.1 21.7 26.4 
46.
1 63500 15.2 0.31 
Chalcopsitta scintillata Yellow-streaked Lory 
Psittacida
e LC 24.0 0.96 8.1 7.5 18.7 22.6 27.9 
73.
9 312000 16.5 0.35 
Charmosyna amabilis Red-throated Lorikeet 
Psittacida
e CR 21.0 0.70 5.9 8.8 17.4 20.1 23.9 
74.
4 16600 3.4 0.08 
Charmosyna diadema New Caledonian Lorikeet 
Psittacida
e CR 20.6 0.63 6.3 8.1 16.2 19.6 24.3 
49.
3 1 69.5 0.95 
Charmosyna josefinae Josephine's Lorikeet 
Psittacida
e LC 22.2 0.85 7.3 1.6 17.1 21.1 26.0 
77.
1 151000 24.0 0.53 
Charmosyna margarethae Duchess Lorikeet 
Psittacida
e NT 22.6 0.89 7.6 2.7 17.3 21.4 26.4 
73.
9 27000 0.5 0.02 
Charmosyna meeki Meek's Lorikeet 
Psittacida
e NT 23.1 0.94 8.2 4.8 17.2 22.0 27.6 
69.






Taxonomy Climate Change Sensitivity (CS) Protected 





















Charmosyna multistriata Striated Lorikeet 
Psittacida
e NT 22.2 0.85 7.1 2.7 17.3 21.1 25.9 
77.
1 71800 18.6 0.43 
Charmosyna palmarum Palm Lorikeet 
Psittacida
e VU 22.6 0.90 8.0 1.2 17.0 21.4 26.9 
71.
5 11300 3.9 0.09 
Charmosyna papou Papuan Lorikeet 
Psittacida
e LC 20.0 0.58 6.3 3.0 16.1 18.6 22.1 
44.
7 9600 62.2 0.92 
Charmosyna placentis Red-flanked Lorikeet 
Psittacida
e LC 22.1 0.82 7.5 2.7 16.9 20.9 25.9 
73.
9 821000 13.2 0.25 
Charmosyna pulchella Fairy Lorikeet 
Psittacida
e LC 28.3 1.00 NA 
28.
3 28.3 28.3 28.3 
28.
3 380000 14.5 0.28 
Charmosyna rubrigularis Red-chinned Lorikeet 
Psittacida
e LC 15.5 0.10 4.2 3.7 12.6 15.0 17.8 
60.
8 14800 1.0 0.05 
Charmosyna rubronotata Red-fronted Lorikeet 
Psittacida
e LC 20.6 0.64 3.6 
12.
2 18.3 20.2 23.0 
32.
7 259000 13.1 0.24 
Charmosyna stellae Stella's Lorikeet 
Psittacida
e LC 16.3 0.15 4.4 3.7 13.3 15.9 18.7 
60.
8 132000 21.4 0.49 
Charmosyna toxopei Blue-fronted Lorikeet 
Psittacida
e CR 16.3 0.15 4.6 0.4 12.9 16.3 19.6 
63.
7 8600 0.8 0.03 
Charmosyna wilhelminae Pygmy Lorikeet 
Psittacida
e LC 18.0 0.28 3.7 4.3 15.3 17.7 20.7 
30.
8 290000 12.0 0.20 
Coracopsis barklyi Seychelles Parrot 
Psittacida
e VU 19.4 0.46 7.5 2.3 14.3 18.0 23.2 
70.
2 47 18.9 0.44 
Coracopsis nigra Black Parrot 
Psittacida
e LC 16.9 0.18 1.6 
15.
7 16.3 16.9 17.5 
18.
1 591000 12.4 0.21 
Coracopsis sibilans Comoro Parrot 
Psittacida
e NT 18.9 0.38 7.6 2.3 13.8 17.6 22.5 
70.
2 490 38.4 0.73 
Coracopsis vasa Vasa Parrot 
Psittacida
e LC 18.4 0.32 5.4 1.6 15.2 17.9 20.8 
70.
2 413000 15.8 0.33 
Cyanoliseus patagonus Burrowing Parrot 
Psittacida
e LC NA NA NA NA NA NA NA NA 975000 8.3 0.12 
Cyanopsitta spixii Spix's Macaw 
Psittacida
e CR (PEW) 21.5 0.76 7.0 7.2 16.6 20.1 25.0 
61.
9 50 65.6 0.94 
Cyanoramphus auriceps Yellow-fronted Parakeet 
Psittacida
e NT 17.8 0.27 3.4 8.0 15.4 17.5 19.7 
31.
2 64800 83.1 0.98 
Cyanoramphus forbesi Chatham Parakeet 
Psittacida
e EN 21.7 0.77 7.3 2.7 16.6 20.5 25.5 
77.
1 2 43.0 0.77 
Cyanoramphus malherbi Malherbe's Parakeet 
Psittacida
e CR 21.4 0.74 7.2 6.9 16.3 20.1 24.9 
57.
5 360 81.5 0.97 
Cyanoramphus 
novaezelandiae Red-fronted Parakeet 
Psittacida
e NT 22.5 0.89 7.6 1.6 17.3 21.3 26.3 
73.
9 19900 40.9 0.74 
Cyanoramphus unicolor Antipodes Parakeet 
Psittacida
e VU 22.2 0.84 6.9 2.7 17.4 21.1 25.8 
62.
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Cyclopsitta amabilis Creamy-breasted Fig-parrot 
Psittacida
e LC 19.5 0.48 6.2 1.3 15.2 18.6 22.7 
68.
3 76800 0.6 0.02 
Cyclopsitta coxeni Coxen's Fig-parrot 
Psittacida
e CR 15.9 0.11 4.5 0.5 12.8 15.3 18.6 
57.
0 93600 17.2 0.37 
Cyclopsitta diophthalma Double-eyed Fig-parrot 
Psittacida
e LC 19.7 0.52 5.9 1.3 15.5 18.8 22.9 
61.
4 448000 14.7 0.29 
Cyclopsitta gulielmitertii Blue-fronted Fig-parrot 
Psittacida
e LC 22.2 0.84 7.3 1.6 17.1 21.0 25.9 
77.
1 30200 18.1 0.41 
Cyclopsitta melanogenia Dusky-cheeked Fig-parrot 
Psittacida
e LC 19.0 0.40 
10.
0 0.3 12.4 16.6 22.6 
84.
4 334000 16.0 0.34 
Cyclopsitta nigrifrons Black-fronted Fig-parrot 
Psittacida
e LC 18.0 0.28 5.8 1.0 14.5 17.0 20.1 
62.
6 102000 6.7 0.11 
Deroptyus accipitrinus Red-fan Parrot 
Psittacida
e LC 14.2 0.05 5.0 0.5 10.5 13.5 17.4 
61.





e LC 20.6 0.63 6.2 3.0 16.5 19.5 23.9 
44.





e LC 21.7 0.76 6.4 
10.
5 16.5 20.6 26.4 
41.
0 495000 51.7 0.84 
Eclectus roratus Eclectus Parrot 
Psittacida
e LC 21.8 0.79 7.3 9.0 16.9 20.9 26.5 
36.
9 1690000 12.2 0.20 
Enicognathus ferrugineus Austral Parakeet 
Psittacida
e LC 21.2 0.72 5.0 9.8 17.9 21.1 23.5 
42.
4 572000 36.0 0.70 
Enicognathus 
leptorhynchus Slender-billed Parakeet 
Psittacida
e LC 23.0 0.94 7.6 
13.
0 18.4 21.5 25.9 
42.
2 127000 11.0 0.17 
Eolophus roseicapilla Galah 
Cacatuida
e LC 19.3 0.44 4.1 4.5 16.5 19.0 21.6 
50.
2 14400000 17.7 0.39 
Eos bornea Red Lory 
Psittacida
e LC 21.7 0.77 6.8 5.2 16.8 21.0 25.8 
49.
7 57900 8.4 0.13 
Eos cyanogenia Black-winged Lory 
Psittacida
e VU 17.2 0.21 3.4 8.1 15.0 16.7 19.1 
27.
0 2900 15.1 0.31 
Eos histrio Red-and-blue Lory 
Psittacida
e EN 13.4 0.02 2.0 
11.
7 12.4 12.7 13.7 
16.
3 1000 16.3 0.35 
Eos reticulata Blue-streaked Lory 
Psittacida
e NT 19.7 0.51 4.4 5.3 16.7 19.2 22.1 
59.
4 4400 18.9 0.44 
Eos semilarvata Blue-eared Lory 
Psittacida
e LC 16.3 0.15 4.9 0.5 13.0 15.6 19.1 
68.
3 410 60.5 0.91 
Eos squamata Violet-necked Lory 
Psittacida
e LC 17.8 0.27 4.4 2.6 14.5 17.9 21.1 
39.
8 34100 17.3 0.38 
Eunymphicus cornutus Horned Parakeet 
Psittacida
e VU 18.9 0.37 3.9 4.5 16.4 18.7 21.2 
50.
2 690 71.3 0.95 
Eunymphicus uvaeensis Ouvea Parakeet 
Psittacida
e EN 18.8 0.35 4.2 8.4 16.1 18.1 21.5 
42.
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Eupsittula astec Aztec Parakeet 
Psittacida
e LC 19.0 0.41 5.2 1.3 15.5 18.3 21.7 
71.
4 528000 42.1 0.76 
Eupsittula aurea Peach-fronted Parakeet 
Psittacida
e LC 20.3 0.62 8.4 0.8 15.4 18.6 22.4 
81.
0 5730000 37.4 0.72 
Eupsittula cactorum Cactus Parakeet 
Psittacida
e LC 19.0 0.39 5.5 3.3 15.3 18.1 21.6 
80.
9 1200000 35.4 0.70 
Eupsittula canicularis Orange-fronted Parakeet 
Psittacida
e LC 18.3 0.32 3.7 4.8 15.9 18.3 20.8 
33.
7 270000 13.6 0.26 
Eupsittula nana Jamaican Parakeet 
Psittacida
e NT 19.9 0.55 6.1 0.9 15.8 19.1 23.0 
82.
8 11000 24.5 0.54 
Eupsittula pertinax Brown-throated Parakeet 
Psittacida
e LC 19.4 0.47 5.4 2.0 15.9 18.7 22.1 
73.
9 1660000 36.0 0.71 
Forpus coelestis Pacific Parrotlet 
Psittacida
e LC 18.2 0.31 4.1 5.3 15.6 18.1 20.6 
39.
2 147000 8.3 0.12 
Forpus conspicillatus Spectacled Parrotlet 
Psittacida
e LC 16.6 0.17 3.9 9.9 13.4 16.2 18.8 
27.
9 321000 9.9 0.16 
Forpus cyanopygius Mexican Parrotlet 
Psittacida
e LC 17.0 0.20 5.3 0.5 13.4 16.3 20.1 
82.
8 115000 13.1 0.24 
Forpus modestus Dusky-billed Parrotlet 
Psittacida
e LC 21.9 0.81 7.0 1.6 17.1 20.8 25.5 
77.
1 2840000 47.3 0.80 
Forpus passerinus Green-rumped Parrotlet 
Psittacida
e LC 22.6 0.91 7.8 4.8 17.1 21.5 26.7 
69.
7 1060000 35.3 0.69 
Forpus spengeli Turquoise-winged Parrotlet 
Psittacida
e LC 18.4 0.33 4.9 
12.
5 14.6 17.5 20.8 
28.
9 25900 45.7 0.79 
Forpus xanthops Yellow-faced Parrotlet 
Psittacida
e VU 22.4 0.87 7.6 2.7 17.1 21.2 26.2 
71.
5 2400 8.9 0.14 
Forpus xanthopterygius Blue-winged Parrotlet 
Psittacida
e LC 19.2 0.42 4.4 3.9 16.2 19.0 21.9 
61.
1 5780000 38.7 0.73 
Geoffroyus geoffroyi Red-cheeked Parrot 
Psittacida
e LC 16.3 0.15 4.6 0.9 12.7 16.4 19.6 
49.
7 793000 13.0 0.23 
Geoffroyus heteroclitus Song Parrot 
Psittacida
e LC 18.8 0.36 4.4 3.9 15.6 18.6 21.9 
44.
2 79000 1.0 0.05 
Geoffroyus hyacinthinus Rennell Parrot 
Psittacida
e LC 20.2 0.61 5.9 1.3 16.3 19.5 23.3 
80.
3 680 34.7 0.69 
Geoffroyus simplex Blue-collared Parrot 
Psittacida
e LC 19.2 0.44 6.0 1.7 15.2 18.4 22.3 
68.
3 238000 16.2 0.34 
Glossopsitta concinna Musk Lorikeet 
Psittacida
e LC 25.0 0.98 
10.
6 8.8 17.5 22.7 29.6 
79.
9 664000 22.5 0.51 
Glossopsitta 
porphyrocephala Purple-crowned Lorikeet 
Psittacida
e LC 24.6 0.98 9.1 
11.
0 17.0 22.6 30.5 
47.
4 938000 17.9 0.41 
Glossopsitta pusilla Little Lorikeet 
Psittacida
e LC 23.4 0.95 8.8 4.4 17.7 22.0 26.9 
83.
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Graydidascalus brachyurus Short-tailed Parrot 
Psittacida
e LC 24.1 0.97 
11.
0 3.3 16.5 21.4 28.8 
74.
3 642000 49.2 0.81 
Guaruba guarouba Golden Parakeet 
Psittacida
e VU 19.6 0.50 4.4 3.9 16.5 19.4 22.5 
61.
1 246000 49.9 0.82 
Hapalopsittaca amazonina Rusty-faced Parrot 
Psittacida
e VU 25.0 0.98 9.7 3.6 18.7 23.4 29.0 
83.
6 26400 38.2 0.72 
Hapalopsittaca fuertesi Indigo-winged Parrot 
Psittacida
e CR 21.7 0.77 6.6 6.6 16.7 21.0 25.7 
46.
4 100 36.4 0.71 
Hapalopsittaca melanotis Black-winged Parrot 
Psittacida
e LC 22.3 0.87 7.3 2.7 17.3 21.2 26.1 
77.
1 37900 38.9 0.73 
Hapalopsittaca pyrrhops Red-faced Parrot 
Psittacida
e VU 19.0 0.39 5.0 8.0 15.6 18.2 21.5 
45.
1 9940 30.3 0.63 
Lathamus discolor Swift Parrot 
Psittacida
e EN 22.6 0.90 8.3 
12.
3 15.2 22.5 28.2 
36.
9 12400 20.6 0.47 
Leptosittaca branickii Golden-plumed Parakeet 
Psittacida
e VU 21.3 0.73 6.8 1.7 16.5 20.3 24.8 
57.
6 44400 36.7 0.71 
Loriculus amabilis Moluccan Hanging-parrot 
Psittacida
e LC 20.6 0.64 4.8 
12.
0 17.8 20.6 22.8 
35.





e LC 21.3 0.73 6.7 0.6 16.7 20.1 24.6 
72.
7 576000 13.0 0.23 
Loriculus beryllinus Sri Lanka Hanging-parrot 
Psittacida
e LC 19.9 0.57 5.4 6.4 16.2 19.1 22.8 
55.
6 16000 21.6 0.50 
Loriculus catamene Sangihe Hanging-parrot 
Psittacida
e NT 20.8 0.65 5.5 6.0 17.0 19.9 23.5 
60.
7 560 0.0 0.00 
Loriculus exilis Pygmy Hanging-parrot 
Psittacida
e NT 20.8 0.66 6.3 8.2 16.4 20.1 24.1 
48.
5 103000 14.6 0.29 
Loriculus flosculus Flores Hanging-parrot 
Psittacida
e EN 21.2 0.72 6.8 1.7 16.4 20.2 24.6 
67.





e LC 21.8 0.78 7.6 4.8 16.4 20.7 25.6 
58.
5 1410000 17.6 0.39 
Loriculus philippensis Philippine Hanging-parrot 
Psittacida
e LC 18.8 0.36 5.7 1.2 15.1 18.0 21.5 
82.





e NT 24.3 0.97 7.8 
11.
9 17.9 24.1 30.5 
46.
5 62400 8.4 0.13 
Loriculus sclateri Sula Hanging-parrot 
Psittacida
e LC 22.5 0.89 7.6 8.6 17.4 21.1 26.1 
68.
6 7400 1.5 0.05 
Loriculus stigmatus Sulawesi Hanging-parrot 
Psittacida
e LC 21.4 0.75 6.0 6.9 17.4 21.1 24.9 
42.
2 174000 14.2 0.27 
Loriculus tener Bismarck Hanging-parrot 
Psittacida
e NT 21.8 0.79 6.6 5.3 16.9 21.2 25.8 
47.
9 26300 0.8 0.03 
Loriculus vernalis Vernal Hanging-parrot 
Psittacida
e LC 22.4 0.88 7.8 4.8 16.9 21.2 26.6 
69.
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Lorius albidinucha White-naped Lory 
Psittacida
e NT 22.3 0.86 7.4 1.6 17.2 21.1 26.1 
77.
1 2300 0.0 0.00 
Lorius chlorocercus Yellow-bibbed Lory 
Psittacida
e LC 13.2 0.01 5.0 0.5 9.6 12.4 16.2 
54.
2 14000 1.8 0.06 
Lorius domicella Purple-naped Lory 
Psittacida
e EN 22.5 0.89 7.9 1.2 17.0 21.4 26.6 
71.
5 6300 22.4 0.51 
Lorius garrulus Chattering Lory 
Psittacida
e VU 21.9 0.81 7.0 7.4 17.0 21.0 25.6 
68.
6 25000 9.1 0.15 
Lorius hypoinochrous Purple-bellied Lory 
Psittacida
e LC 21.7 0.78 6.4 
10.
5 16.7 20.6 26.8 
41.
0 61900 2.0 0.07 
Lorius lory Black-capped Lory 
Psittacida
e LC 21.8 0.78 7.2 1.6 16.7 20.6 25.7 
69.
0 676000 12.7 0.22 
Melopsittacus undulatus Budgerigar 
Psittacida
e LC 23.9 0.96 9.1 9.2 16.7 22.5 28.2 
55.
9 5880000 17.8 0.40 
Micropsitta bruijnii Red-breasted Pygmy-parrot 
Psittacida
e LC 21.9 0.81 7.1 2.7 17.0 20.8 25.6 
71.
5 269000 17.9 0.40 
Micropsitta finschii Green Pygmy-parrot 
Psittacida
e LC 17.3 0.22 6.0 2.9 13.3 16.3 19.9 
68.
1 42700 1.8 0.06 
Micropsitta geelvinkiana Geelvink Pygmy-parrot 
Psittacida
e NT 16.9 0.18 3.8 1.6 14.2 16.8 19.5 
44.
5 2500 12.3 0.21 
Micropsitta keiensis Yellow-capped Pygmy-parrot 
Psittacida
e LC 18.3 0.31 6.0 0.9 14.6 17.6 21.3 
69.





e LC 20.7 0.65 6.7 1.3 16.2 20.0 24.2 
59.
2 2400 1.3 0.05 
Micropsitta pusio Buff-faced Pygmy-parrot 
Psittacida
e LC 22.3 0.87 6.1 8.8 18.2 21.5 25.1 
53.
9 298000 8.5 0.13 
Myiopsitta luchsi Cliff Parakeet 
Psittacida
e LC 17.0 0.19 4.5 1.5 13.6 16.8 19.9 
61.
1 132000 33.1 0.67 
Myiopsitta monachus Monk Parakeet 
Psittacida
e LC 16.1 0.12 4.4 0.5 12.7 16.0 19.1 
49.
7 2720000 18.4 0.42 
Nannopsittaca dachilleae Amazonian Parrotlet 
Psittacida
e NT 17.4 0.23 4.1 5.1 14.6 17.4 20.1 
44.
2 134000 58.7 0.90 
Nannopsittaca panychlora Tepui Parrotlet 
Psittacida
e LC 19.9 0.56 4.5 5.2 16.6 20.0 23.2 
35.
6 49100 92.9 0.99 
Neophema chrysogaster Orange-bellied Parrot 
Psittacida
e CR 11.1 0.00 3.7 1.6 8.4 10.5 13.2 
31.
7 3100 63.3 0.93 
Neophema chrysostoma Blue-winged Parrot 
Psittacida
e LC 11.5 0.01 3.5 0.5 9.0 11.2 13.6 
40.
8 1390000 19.7 0.46 
Neophema elegans Elegant Parrot 
Psittacida
e LC 22.6 0.90 7.8 1.2 17.1 21.4 26.6 
73.
9 866000 16.8 0.36 
Neophema petrophila Rock Parrot 
Psittacida
e LC 22.9 0.93 7.9 1.2 17.5 21.7 27.1 
65.
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Neophema pulchella Turquoise Parrot 
Psittacida
e LC 19.0 0.40 6.9 3.0 14.6 17.8 21.7 
70.
2 492000 13.1 0.24 
Neophema splendida Scarlet-chested Parrot 
Psittacida
e LC 18.9 0.37 8.1 1.9 13.4 17.2 22.3 
70.
2 262000 28.5 0.60 
Neopsephotus bourkii Bourke's Parrot 
Psittacida
e LC 16.5 0.16 4.8 0.5 12.8 16.0 19.7 
50.
4 1720000 17.8 0.40 
Neopsittacus 
musschenbroekii Yellow-billed Lorikeet 
Psittacida
e LC 13.6 0.03 5.0 0.5 9.9 12.8 16.7 
54.
2 229000 18.7 0.43 
Neopsittacus pullicauda Orange-billed Lorikeet 
Psittacida
e LC 22.3 0.86 9.0 1.9 16.4 20.5 25.8 
86.
8 113000 28.7 0.60 
Nestor meridionalis New Zealand Kaka 
Strigopid
ae EN 16.8 0.18 3.5 5.1 14.4 16.9 19.2 
31.
2 71100 69.3 0.94 
Nestor notabilis Kea 
Strigopid
ae VU 18.8 0.35 4.6 3.9 15.5 18.5 21.7 
61.
1 63300 84.4 0.98 
Northiella haematogaster Bluebonnet 
Psittacida
e LC 22.7 0.92 7.8 1.2 17.3 21.6 27.0 
65.
9 1740000 13.0 0.23 
Nymphicus hollandicus Cockatiel 
Cacatuida
e LC 18.2 0.31 6.1 0.5 13.9 17.2 21.4 
82.
8 6460000 17.1 0.37 
Ognorhynchus icterotis Yellow-eared Parrot 
Psittacida
e EN 18.0 0.29 6.1 0.5 13.8 17.0 21.2 
80.
4 80 15.6 0.32 
Oreopsittacus arfaki Plum-faced Lorikeet 
Psittacida
e LC 11.5 0.01 4.1 0.5 8.6 11.0 13.7 
50.
4 108000 29.3 0.62 
Orthopsittaca manilatus Red-bellied Macaw 
Psittacida
e LC 18.2 0.30 4.8 5.2 15.0 17.4 20.4 
61.
1 7150000 45.4 0.78 
Pezoporus occidentalis Night Parrot 
Psittacida
e EN 19.4 0.46 5.2 7.7 15.8 18.3 21.7 
46.
4 26300 25.9 0.56 
Pezoporus wallicus Ground Parrot 
Psittacida
e LC 17.6 0.25 5.7 1.4 13.8 16.7 20.4 
68.
3 250000 41.5 0.75 
Phigys solitarius Collared Lory 
Psittacida
e LC 20.9 0.68 6.2 1.1 16.7 20.0 24.1 
86.
8 18100 3.4 0.08 
Pionites leucogaster Green-thighed Parrot 
Psittacida
e EN 18.4 0.32 5.6 0.9 14.6 17.6 21.3 
70.
4 1980000 39.4 0.73 
Pionites melanocephalus Black-headed Parrot 
Psittacida
e LC 19.0 0.38 5.8 1.1 15.2 18.3 21.9 
65.
7 2920000 59.0 0.91 
Pionites xanthomerius Black-legged Parrot 
Psittacida
e LC 16.6 0.16 3.9 1.5 13.9 16.2 19.0 
38.
0 1130000 48.6 0.81 
Pionites xanthurus Yellow-tailed Parrot 
Psittacida
e VU 23.2 0.95 9.7 3.3 16.9 21.1 26.8 
81.
0 706000 51.8 0.85 
Pionopsitta pileata Pileated Parrot 
Psittacida
e LC 20.9 0.68 6.6 1.3 16.3 19.9 24.4 
68.
3 729000 15.1 0.31 
Pionus chalcopterus Bronze-winged Parrot 
Psittacida
e LC 16.2 0.13 4.2 1.0 13.2 15.7 18.9 
60.
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Pionus fuscus Dusky Parrot 
Psittacida
e LC 18.9 0.38 6.3 0.5 14.6 18.0 22.1 
82.
8 1870000 51.0 0.84 
Pionus maximiliani Scaly-headed Parrot 
Psittacida
e LC 19.8 0.53 3.8 6.8 17.2 19.6 22.2 
38.
5 4520000 32.4 0.66 
Pionus menstruus Blue-headed Parrot 
Psittacida
e LC 19.3 0.45 4.6 5.5 16.3 18.8 21.6 
65.
8 8370000 49.5 0.82 
Pionus reichenowi Blue-breasted Parrot 
Psittacida
e LC 22.0 0.81 8.8 3.3 16.2 20.0 25.3 
86.
8 134000 62.5 0.93 
Pionus senilis White-crowned Parrot 
Psittacida
e LC 20.8 0.67 7.2 4.4 16.3 19.4 23.5 
79.
1 459000 47.4 0.80 
Pionus seniloides White-capped Parrot 
Psittacida
e LC 21.8 0.80 8.3 0.8 16.4 20.3 25.5 
85.
8 224000 30.5 0.64 
Pionus sordidus Red-billed Parrot 
Psittacida
e LC 17.3 0.22 4.8 3.9 13.6 16.7 20.6 
41.
6 169000 53.7 0.86 
Pionus tumultuosus Plum-crowned Parrot 
Psittacida
e LC 20.9 0.69 6.0 6.9 17.1 19.8 23.4 
61.
1 150000 43.4 0.77 
Platycercus adscitus Pale-headed Rosella 
Psittacida
e LC 18.9 0.37 4.2 3.9 15.8 18.7 21.7 
44.
2 1470000 10.0 0.16 
Platycercus caledonicus Green Rosella 
Psittacida
e LC 19.1 0.42 4.3 1.6 16.1 19.0 22.0 
61.
1 68100 52.5 0.86 
Platycercus elegans Crimson Rosella 
Psittacida
e LC 16.3 0.14 4.0 5.1 13.3 16.3 19.0 
33.
1 842000 20.8 0.47 
Platycercus eximius Eastern Rosella 
Psittacida
e LC 13.5 0.02 3.6 2.9 10.9 13.0 15.5 
54.
2 1080000 17.2 0.38 
Platycercus icterotis Western Rosella 
Psittacida
e LC 14.3 0.05 2.7 4.8 12.4 14.1 15.9 
28.
6 214000 15.6 0.32 
Platycercus venustus Northern Rosella 
Psittacida
e LC 19.0 0.40 3.2 5.3 16.8 18.9 21.1 
42.
6 785000 25.3 0.55 
Poicephalus crassus Niam-niam Parrot 
Psittacida
e LC 16.9 0.18 3.8 5.0 14.3 16.5 19.2 
59.
2 343000 14.5 0.28 
Poicephalus cryptoxanthus Brown-headed Parrot 
Psittacida
e LC 21.1 0.70 6.9 1.3 16.6 19.7 23.9 
80.
5 1180000 32.0 0.65 
Poicephalus flavifrons Yellow-fronted Parrot 
Psittacida
e LC 15.4 0.09 3.5 2.4 13.1 15.2 17.6 
62.
7 206000 24.2 0.54 
Poicephalus gulielmi Red-fronted Parrot 
Psittacida
e LC 17.0 0.19 3.9 2.5 14.2 16.6 19.3 
70.
6 1460000 25.7 0.56 
Poicephalus meyeri Brown Parrot 
Psittacida
e LC 15.5 0.10 2.9 3.2 13.6 15.4 17.2 
39.
9 5840000 25.6 0.55 
Poicephalus robustus Brown-necked Parrot 
Psittacida
e LC 16.2 0.13 4.0 3.0 13.3 16.1 18.9 
48.
2 3040000 27.4 0.59 
Poicephalus rueppellii Rüppell's Parrot 
Psittacida
e LC 14.6 0.06 4.6 2.2 11.4 14.1 17.1 
68.
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Poicephalus rufiventris Red-bellied Parrot 
Psittacida
e LC 10.1 0.00 3.1 0.8 7.8 9.8 12.1 
36.
6 1540000 20.9 0.48 
Poicephalus senegalus Senegal Parrot 
Psittacida
e LC 16.3 0.14 4.0 0.9 13.3 16.4 19.1 
33.
1 2710000 20.9 0.48 
Polytelis alexandrae Princess Parrot 
Psittacida
e NT 21.4 0.74 3.8 8.2 18.8 21.7 24.1 
33.
7 1230000 35.1 0.69 
Polytelis anthopeplus Regent Parrot 
Psittacida
e LC 14.8 0.07 3.5 0.5 12.4 14.6 17.0 
45.
6 538000 18.1 0.41 
Polytelis swainsonii Superb Parrot 
Psittacida
e LC 19.5 0.47 6.5 0.9 15.3 18.6 22.6 
73.
7 81200 6.1 0.10 
Primolius auricollis Yellow-collared Macaw 
Psittacida
e LC 15.5 0.09 4.3 0.5 12.5 14.9 18.0 
65.
9 838000 51.9 0.85 
Primolius couloni Blue-headed Macaw 
Psittacida
e VU 20.4 0.63 5.5 6.4 16.6 19.7 23.5 
55.
3 373000 55.0 0.87 
Primolius maracana Blue-winged Macaw 
Psittacida
e NT 20.9 0.68 7.0 8.3 15.8 19.8 25.2 
50.
7 3640000 33.9 0.68 
Prioniturus discurus Blue-crowned Racquet-tail 
Psittacida
e LC 18.9 0.38 4.9 6.4 15.5 18.2 21.3 
55.





e NT 20.4 0.63 6.5 3.0 16.3 19.0 23.7 
44.
7 11300 23.5 0.53 
Prioniturus luconensis Green Racquet-tail 
Psittacida
e EN 20.1 0.59 5.5 9.8 16.5 19.4 22.6 
52.
6 93500 15.5 0.32 
Prioniturus mada Buru Racquet-tail 
Psittacida
e LC 19.9 0.55 5.4 9.4 16.0 19.0 22.6 
41.
6 6300 0.7 0.03 
Prioniturus mindorensis Mindoro Racquet-tail 
Psittacida
e VU 20.2 0.60 5.0 8.5 16.7 19.1 23.1 
47.
7 9900 25.3 0.55 
Prioniturus montanus Montane Racquet-tail 
Psittacida
e NT 21.2 0.72 6.8 1.7 16.4 20.2 24.6 
67.
4 10400 25.6 0.56 
Prioniturus platenae Blue-headed Racquet-tail 
Psittacida
e VU 20.8 0.66 4.9 
14.
7 17.4 20.4 22.8 
31.
2 13600 92.9 0.99 
Prioniturus platurus Golden-mantled Racquet-tail 
Psittacida
e LC 23.2 0.95 6.3 6.9 18.7 22.7 26.9 
51.
4 186000 13.5 0.26 
Prioniturus verticalis Sulu Racquet-tail 
Psittacida
e CR 21.9 0.80 7.3 1.6 16.8 20.7 25.6 
77.
1 620 0.0 0.00 
Prioniturus waterstradti Mindanao Racquet-tail 
Psittacida
e NT 18.6 0.34 4.2 7.7 15.8 18.1 20.7 
38.
6 11300 30.4 0.63 
Probosciger aterrimus Palm Cockatoo 
Cacatuida
e LC 20.3 0.61 5.3 
10.
5 16.7 18.7 24.2 
32.
8 716000 14.8 0.30 
Prosopeia personata Masked Shining-parrot 
Psittacida
e NT 20.9 0.68 6.0 
12.
9 16.5 20.0 25.5 
33.
2 10500 4.2 0.09 
Prosopeia splendens Crimson Shining-parrot 
Psittacida
e VU 20.3 0.62 6.3 9.9 16.0 18.7 23.3 
46.
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Prosopeia tabuensis Maroon Shining-parrot 
Psittacida
e LC 13.0 0.01 3.2 8.3 11.1 12.6 14.4 
28.
0 6200 2.1 0.07 
Psephotellus 
chrysopterygius Golden-shouldered Parrot 
Psittacida
e EN 13.6 0.03 3.4 5.9 11.3 13.1 15.3 
32.
0 2900 41.6 0.75 
Psephotellus dissimilis Hooded Parrot 
Psittacida
e LC 13.4 0.02 4.4 0.5 10.2 12.9 16.2 
49.
7 90200 33.6 0.68 
Psephotellus varius Mulga Parrot 
Psittacida
e LC 18.1 0.30 4.5 1.6 14.7 18.0 21.2 
44.
2 3330000 18.5 0.42 
Psephotus haematonotus Red-rumped Parrot 
Psittacida
e LC 22.3 0.86 7.4 1.6 17.1 21.1 26.1 
77.
1 1490000 13.2 0.25 
Pseudeos fuscata Dusky Lory 
Psittacida
e LC 14.9 0.07 5.5 1.2 11.4 14.2 17.5 
68.
1 766000 14.1 0.27 
Psilopsiagon aurifrons Mountain Parakeet 
Psittacida
e LC 15.3 0.08 5.3 1.4 11.9 14.8 18.0 
68.
1 820000 25.2 0.55 
Psilopsiagon aymara Grey-hooded Parakeet 
Psittacida
e LC 17.0 0.20 4.1 0.5 14.2 16.7 19.5 
68.
9 383000 26.5 0.57 
Psittacara acuticaudatus Blue-crowned Parakeet 
Psittacida
e LC 17.5 0.24 4.2 4.0 14.7 17.5 20.3 
47.
7 3330000 32.6 0.66 
Psittacara chloropterus Hispaniolan Parakeet 
Psittacida
e VU 21.0 0.69 8.9 3.2 15.9 19.0 23.1 
81.
0 19000 20.1 0.46 
Psittacara erythrogenys Red-masked Parakeet 
Psittacida
e NT 19.5 0.48 3.3 7.8 17.3 19.4 21.7 
33.
1 106000 10.3 0.16 
Psittacara euops Cuban Parakeet 
Psittacida
e VU 20.1 0.59 5.0 5.7 16.8 19.5 22.9 
55.
8 11900 31.3 0.65 
Psittacara finschi Crimson-fronted Parakeet 
Psittacida
e LC 17.0 0.19 7.3 3.4 12.0 15.9 20.1 
64.
4 115000 56.6 0.88 
Psittacara frontatus Cordilleran Parakeet 
Psittacida
e NT 18.8 0.36 3.9 4.5 16.3 18.7 21.2 
46.
3 127000 12.5 0.21 
Psittacara holochlorus Green Parakeet 
Psittacida
e LC 17.5 0.24 5.5 0.5 13.9 16.7 20.2 
82.
8 275000 13.7 0.26 
Psittacara leucophthalmus White-eyed Parakeet 
Psittacida
e LC 18.0 0.29 5.9 3.4 14.4 17.0 20.2 
85.
8 8510000 38.2 0.72 
Psittacara mitratus Mitred Parakeet 
Psittacida
e LC 19.9 0.55 4.9 7.1 16.7 19.3 22.5 
59.
4 251000 27.2 0.58 
Psittacara rubritorquis Red-throated Parakeet 
Psittacida
e LC 21.2 0.71 7.9 1.5 16.1 19.7 24.3 
86.
8 109000 29.7 0.62 
Psittacara wagleri Scarlet-fronted Parakeet 
Psittacida
e NT 22.5 0.88 7.9 1.2 16.9 21.3 26.7 
71.
5 203000 28.8 0.61 
Psittacella brehmii Brehm's Tiger-parrot 
Psittacida
e LC 23.6 0.96 8.2 5.7 18.2 22.1 27.8 
63.
9 124000 22.5 0.51 
Psittacella lorentzi Snow Mountain Tiger-parrot 
Psittacida
e LC 22.6 0.90 7.9 4.3 17.2 21.4 26.5 
73.
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Psittacella madaraszi Madarasz's Tiger-parrot 
Psittacida
e LC 22.5 0.88 7.4 4.6 17.4 21.4 26.4 
65.
9 193000 14.5 0.28 
Psittacella modesta Modest Tiger-parrot 
Psittacida
e LC 22.1 0.84 8.2 3.4 16.1 21.2 26.8 
56.
0 65100 32.9 0.67 
Psittacella picta Painted Tiger-parrot 
Psittacida
e LC 19.2 0.43 5.8 1.3 15.4 18.4 21.9 
80.
2 56400 0.9 0.04 
Psittacula alexandri Red-breasted Parakeet 
Psittacida
e NT 19.4 0.47 5.1 8.0 16.0 18.6 22.2 
45.
1 2570000 15.9 0.33 
Psittacula calthrapae Emerald-collared Parakeet 
Psittacida
e LC 19.9 0.55 3.9 
14.
3 16.4 19.0 22.6 
29.
1 18900 26.8 0.58 
Psittacula caniceps Nicobar Parakeet 
Psittacida
e NT 17.4 0.23 4.8 2.9 14.3 17.0 20.0 
54.
2 1100 82.8 0.97 
Psittacula columboides Malabar Parakeet 
Psittacida
e LC 17.3 0.22 4.9 2.9 14.0 16.8 20.0 
78.
4 115000 26.2 0.57 
Psittacula cyanocephala Plum-headed Parakeet 
Psittacida
e LC 22.6 0.91 
11.
2 2.2 15.6 19.5 25.9 
93.
7 2780000 6.9 0.11 
Psittacula derbiana Lord Derby's Parakeet 
Psittacida
e NT 18.6 0.34 3.8 
11.
6 16.3 18.2 20.1 
30.
0 333000 16.8 0.36 
Psittacula eques Echo Parakeet 
Psittacida
e EN 17.8 0.27 5.2 0.4 14.5 17.3 20.4 
79.
0 60 11.7 0.19 
Psittacula eupatria Alexandrine Parakeet 
Psittacida
e NT 19.0 0.39 5.5 1.3 15.4 18.2 21.6 
76.
7 3220000 11.6 0.18 
Psittacula finschii Grey-headed Parakeet 
Psittacida
e NT 17.5 0.24 4.9 4.1 14.3 17.0 19.9 
79.
0 1640000 17.3 0.38 
Psittacula himalayana Slaty-headed Parakeet 
Psittacida
e LC 15.5 0.10 4.9 0.5 12.1 15.0 18.2 
78.
4 149000 5.8 0.10 
Psittacula krameri Rose-ringed Parakeet 
Psittacida
e LC 21.2 0.71 6.8 1.7 16.6 20.0 24.4 
72.
7 7910000 14.4 0.27 
Psittacula longicauda Long-tailed Parakeet 
Psittacida
e NT 19.1 0.41 5.7 1.3 15.3 18.3 21.8 
76.
7 877000 11.8 0.19 
Psittacula roseata Blossom-headed Parakeet 
Psittacida
e NT 22.4 0.87 7.8 4.5 17.0 21.0 26.1 
73.
9 1700000 18.3 0.42 
Psittaculirostris cervicalis Red-faced Fig-parrot 
Psittacida
e LC 22.2 0.85 7.5 3.9 17.0 21.1 26.1 
65.
6 191000 1.9 0.06 
Psittaculirostris 
desmarestii Large Fig-parrot 
Psittacida
e LC 21.9 0.80 7.0 2.7 16.9 20.6 25.7 
61.
9 82400 19.0 0.44 
Psittaculirostris edwardsii Edwards's Fig-parrot 
Psittacida
e LC 22.1 0.83 7.5 1.6 16.8 20.9 26.1 
69.
0 99200 2.8 0.07 
Psittaculirostris godmani Yellow-naped Fig-parrot 
Psittacida
e LC 21.7 0.77 6.6 6.5 17.1 20.7 25.1 
67.
6 163000 21.1 0.48 
Psittaculirostris salvadorii Salvadori's Fig-parrot 
Psittacida
e LC 19.5 0.49 6.3 1.3 15.5 18.3 22.0 
80.
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Psittacus erithacus Grey Parrot 
Psittacida
e VU 21.8 0.79 5.6 8.0 18.1 21.1 24.7 
69.
7 2760000 21.2 0.48 
Psittacus timneh Timneh Parrot 
Psittacida
e VU 22.6 0.91 7.7 1.2 17.3 21.4 26.5 
73.
9 292000 22.2 0.51 
Psitteuteles goldiei Goldie's Lorikeet 
Psittacida
e LC 19.7 0.52 3.8 9.7 17.0 19.5 22.2 
32.
4 307000 13.3 0.25 
Psitteuteles iris Iris Lorikeet 
Psittacida
e NT 14.0 0.05 4.1 2.6 11.1 13.3 16.1 
54.
2 31300 12.9 0.22 
Psitteuteles versicolor Varied Lorikeet 
Psittacida
e LC 22.1 0.82 5.4 
12.
6 17.9 22.1 25.7 
32.
3 1210000 19.4 0.45 
Psittinus abbotti Simeulue Parrot 
Psittacida
e NT 21.3 0.73 6.7 0.6 16.7 20.1 24.6 
72.
7 1800 0.2 0.02 
Psittinus cyanurus Blue-rumped Parrot 
Psittacida
e NT 22.9 0.94 7.8 1.2 17.5 21.7 26.9 
77.
1 1400000 17.7 0.40 
Psittrichas fulgidus Pesquet's Parrot 
Psittacida
e VU 18.0 0.29 4.0 5.1 15.3 18.0 20.7 
33.
1 278000 19.4 0.45 
Purpureicephalus spurius Red-capped Parrot 
Psittacida
e LC 18.5 0.33 5.3 1.4 15.0 17.8 21.2 
64.
7 126000 17.2 0.37 
Pyrilia aurantiocephala Bald Parrot 
Psittacida
e NT 19.7 0.53 6.0 0.9 15.8 19.0 22.8 
81.
9 352000 65.9 0.94 
Pyrilia barrabandi Orange-cheeked Parrot 
Psittacida
e NT 21.0 0.69 6.6 1.3 16.3 20.0 24.6 
64.
6 3470000 58.4 0.90 
Pyrilia caica Caica Parrot 
Psittacida
e NT 19.8 0.54 5.2 3.5 16.4 19.1 22.3 
80.
9 1290000 58.3 0.90 
Pyrilia haematotis Brown-hooded Parrot 
Psittacida
e LC 27.6 0.99 
11.
3 3.3 19.9 25.3 32.8 
81.
0 430000 50.7 0.83 
Pyrilia pulchra Rose-faced Parrot 
Psittacida
e LC 20.0 0.58 6.7 3.3 15.6 18.8 22.8 
78.
0 92600 6.3 0.11 
Pyrilia pyrilia Saffron-headed Parrot 
Psittacida
e NT 20.0 0.57 6.2 1.4 15.8 19.1 23.0 
68.
3 153000 23.2 0.52 
Pyrilia vulturina Vulturine Parrot 
Psittacida
e VU 24.1 0.97 8.2 6.0 19.3 22.7 26.8 
69.
3 886000 48.2 0.81 
Pyrrhura albipectus White-necked Parakeet 
Psittacida
e VU 19.8 0.53 6.4 1.9 15.4 18.6 22.9 
68.
3 6300 21.5 0.49 
Pyrrhura amazonum Santarem Parakeet 
Psittacida
e EN 19.0 0.39 5.3 7.2 15.4 18.4 21.9 
44.
2 354000 41.9 0.76 
Pyrrhura caeruleiceps Perija Parakeet 
Psittacida
e EN 22.1 0.82 9.3 4.8 15.9 19.9 25.5 
79.
9 21600 33.8 0.68 
Pyrrhura calliptera Brown-breasted Parakeet 
Psittacida
e VU 18.4 0.33 3.6 4.5 15.9 18.3 20.8 
35.
2 1000 16.5 0.35 
Pyrrhura cruentata Ochre-marked Parakeet 
Psittacida
e VU 13.5 0.03 3.1 1.3 11.4 13.4 15.5 
28.
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Pyrrhura devillei Blaze-winged Parakeet 
Psittacida
e NT 20.8 0.66 6.8 1.3 16.2 20.2 24.4 
59.
2 144000 58.9 0.91 
Pyrrhura egregia Fiery-shouldered Parakeet 
Psittacida
e LC 24.4 0.97 7.1 
14.
7 20.8 23.1 26.7 
63.
4 49400 85.0 0.98 
Pyrrhura eisenmanni Azuero Parakeet 
Psittacida
e EN 19.6 0.49 3.9 
10.
4 16.9 19.1 21.9 
45.
8 1500 29.8 0.63 
Pyrrhura emma Venezuelan Parakeet 
Psittacida
e LC 16.4 0.16 3.8 1.5 13.7 15.9 18.8 
38.
0 33400 71.8 0.95 
Pyrrhura frontalis Maroon-bellied Parakeet 
Psittacida
e LC 20.7 0.65 2.9 
12.
5 18.6 20.5 22.6 
29.
1 1700000 18.8 0.43 
Pyrrhura griseipectus Grey-breasted Parakeet 
Psittacida
e CR 19.4 0.46 4.6 9.4 16.3 18.6 22.2 
37.
2 660 39.6 0.74 
Pyrrhura hoematotis Red-eared Parakeet 
Psittacida
e LC 23.7 0.96 8.2 2.9 18.7 22.4 27.0 
65.
8 6300 78.8 0.97 
Pyrrhura hoffmanni Sulphur-winged Parakeet 
Psittacida
e LC 19.8 0.54 6.0 1.9 15.7 18.9 22.8 
66.
0 8000 87.7 0.99 
Pyrrhura lepida Pearly Parakeet 
Psittacida
e VU 17.9 0.27 3.7 4.5 15.3 17.7 20.3 
35.
2 548000 35.9 0.70 
Pyrrhura leucotis White-eared Parakeet 
Psittacida
e NT 21.3 0.74 5.2 5.1 17.7 20.8 24.2 
42.
9 273000 47.0 0.79 
Pyrrhura lucianii Bonaparte's Parakeet 
Psittacida
e LC 21.0 0.70 5.8 1.1 17.1 20.3 24.0 
82.
8 47200 56.0 0.88 
Pyrrhura melanura Maroon-tailed Parakeet 
Psittacida
e LC 15.9 0.12 4.1 0.5 13.3 15.6 18.1 
68.
1 1510000 61.1 0.92 
Pyrrhura molinae  
Psittacida
e LC 19.2 0.42 5.9 
11.
5 15.0 18.1 21.7 
35.
5 675000 50.1 0.83 
Pyrrhura orcesi El Oro Parakeet 
Psittacida
e EN 26.9 0.99 
10.
9 6.8 19.7 24.7 31.1 
78.
4 750 0.0 0.00 
Pyrrhura pacifica Choco Parakeet 
Psittacida
e LC 20.7 0.65 5.6 1.6 16.8 20.1 23.8 
53.
8 30500 9.1 0.15 
Pyrrhura parvifrons Garlepp's Parakeet 
Psittacida
e LC 16.7 0.17 5.0 1.4 13.4 16.0 19.2 
58.
4 49600 30.4 0.64 
Pyrrhura perlata Crimson-bellied Parakeet 
Psittacida
e VU 22.2 0.84 7.9 6.0 17.2 20.7 25.2 
82.
8 1130000 46.7 0.79 
Pyrrhura peruviana Wavy-breasted Parakeet 
Psittacida
e LC 13.6 0.04 2.7 7.5 11.9 13.4 15.2 
24.
5 39700 26.2 0.57 
Pyrrhura pfrimeri Goias Parakeet 
Psittacida
e EN 20.9 0.69 6.6 1.3 16.3 19.9 24.5 
64.
6 2185 41.0 0.74 
Pyrrhura picta Painted Parakeet 
Psittacida
e LC 19.6 0.50 6.5 8.4 15.0 18.2 22.9 
46.
6 1470000 66.2 0.94 
Pyrrhura rhodocephala Rose-headed Parakeet 
Psittacida
e LC 20.2 0.60 6.4 0.9 16.0 19.3 23.3 
79.
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Pyrrhura roseifrons Rose-fronted Parakeet 
Psittacida
e LC 18.7 0.35 6.4 0.8 14.6 17.8 21.8 
73.
7 639000 57.7 0.89 
Pyrrhura rupicola Black-capped Parakeet 
Psittacida
e NT 16.7 0.17 4.9 1.5 13.7 16.2 19.2 
59.
2 546000 50.4 0.83 
Pyrrhura snethlageae Madeira Parakeet 
Psittacida
e VU 21.0 0.70 5.9 
10.
7 16.9 19.9 23.9 
42.
9 332000 41.4 0.75 
Pyrrhura subandina Sinu Parakeet 
Psittacida
e CR (PE) 17.3 0.23 4.8 9.6 13.5 16.9 21.2 
27.
4 N/A 12.6 0.22 
Pyrrhura viridicata Santa Marta Parakeet 
Psittacida
e EN 14.6 0.06 3.8 2.9 12.0 14.3 16.9 
37.
1 460 100.0 1.00 
Rhynchopsitta 
pachyrhyncha Thick-billed Parrot 
Psittacida
e EN 14.3 0.06 3.8 7.6 11.5 13.8 16.3 
31.
2 600 14.9 0.30 
Rhynchopsitta terrisi Maroon-fronted Parrot 
Psittacida
e EN 21.5 0.75 8.0 2.3 15.8 20.4 26.0 
57.
9 1300 36.6 0.71 
Strigops habroptila Kakapo 
Strigopid
ae CR 17.2 0.21 3.7 5.1 14.8 17.3 19.5 
49.
7 26 95.6 0.99 
Tanygnathus gramineus Black-lored Parrot 
Psittacida
e VU 21.6 0.76 7.6 3.0 17.2 19.9 26.2 
43.
3 1400 0.8 0.04 
Tanygnathus lucionensis Blue-naped Parrot 
Psittacida
e NT 19.9 0.57 5.3 6.4 16.2 19.1 22.8 
55.
6 291000 20.7 0.47 
Tanygnathus 
megalorynchos Great-billed Parrot 
Psittacida
e LC 20.6 0.64 5.8 3.0 16.8 19.7 23.6 
49.
7 97200 11.8 0.19 
Tanygnathus sumatranus Blue-backed Parrot 
Psittacida
e LC 20.3 0.61 5.9 1.7 16.2 19.4 23.3 
58.
7 387000 11.4 0.18 
Touit batavicus Lilac-tailed Parrotlet 
Psittacida
e LC 20.8 0.66 6.1 2.0 16.5 20.0 24.1 
58.
0 330000 28.2 0.60 
Touit costaricensis Red-fronted Parrotlet 
Psittacida
e VU 22.8 0.93 7.8 2.9 17.6 21.6 26.1 
70.
9 10000 78.0 0.97 
Touit dilectissimus Blue-fronted Parrotlet 
Psittacida
e LC 25.7 0.99 
10.
4 3.3 18.9 23.4 30.2 
81.
0 131000 19.1 0.44 
Touit huetii Scarlet-shouldered Parrotlet 
Psittacida
e VU 20.1 0.59 6.4 0.9 15.8 19.1 23.1 
81.
9 1800000 49.3 0.81 
Touit melanonotus Brown-backed Parrotlet 
Psittacida
e EN 17.0 0.20 4.1 4.2 14.5 16.9 19.3 
38.
0 6700 54.9 0.87 
Touit purpuratus Sapphire-rumped Parrotlet 
Psittacida
e LC 20.7 0.64 6.1 1.1 16.5 19.8 23.9 
81.
9 3820000 59.3 0.91 
Touit stictopterus Spot-winged Parrotlet 
Psittacida
e VU 25.2 0.99 9.4 3.6 19.3 23.2 28.6 
82.
8 33100 33.6 0.67 
Touit surdus Golden-tailed Parrotlet 
Psittacida
e VU 18.7 0.34 4.0 4.2 16.0 18.7 21.3 
38.
5 32200 35.9 0.70 
Trichoglossus capistratus Marigold Lorikeet 
Psittacida
e LC 19.8 0.53 3.8 9.7 17.2 19.4 22.0 
40.






Taxonomy Climate Change Sensitivity (CS) Protected 






















chlorolepidotus Scaly-breasted Lorikeet 
Psittacida
e LC 17.6 0.25 4.5 3.9 14.2 17.1 20.6 
41.
6 1150000 14.6 0.29 
Trichoglossus euteles Olive-headed Lorikeet 
Psittacida
e LC 19.9 0.56 3.8 9.7 17.2 19.6 22.4 
32.
5 38100 11.0 0.17 
Trichoglossus flavoviridis Yellow-and-green Lorikeet 
Psittacida
e LC 21.3 0.74 6.7 9.2 17.0 20.3 23.7 
48.
5 4100 2.7 0.07 
Trichoglossus forsteni Scarlet-breasted Lorikeet 
Psittacida
e NT 21.3 0.73 5.0 8.9 18.0 20.8 24.0 
44.
9 24600 6.5 0.11 
Trichoglossus haematodus Coconut Lorikeet 
Psittacida
e LC 22.1 0.83 7.4 1.6 17.0 21.0 26.0 
77.
1 875000 13.3 0.25 
Trichoglossus johnstoniae Mindanao Lorikeet 
Psittacida
e NT 22.7 0.92 5.9 6.9 18.4 22.3 26.4 
49.
5 8700 37.9 0.72 
Trichoglossus meyeri Mustard-capped Lorikeet 
Psittacida
e LC 22.2 0.85 7.3 5.5 17.1 21.0 26.4 
67.
4 73800 21.2 0.49 
Trichoglossus moluccanus Rainbow Lorikeet 
Psittacida
e LC 17.6 0.24 4.5 3.9 14.2 17.3 20.6 
44.
2 1520000 15.2 0.31 
Trichoglossus ornatus Ornate Lorikeet 
Psittacida
e LC 21.1 0.71 6.8 1.7 16.3 20.1 24.6 
67.
4 173000 13.6 0.26 
Trichoglossus rosenbergii Biak Lorikeet 
Psittacida
e VU 21.2 0.71 6.2 
10.
5 16.2 20.5 25.0 
38.
7 2500 17.6 0.39 
Trichoglossus rubiginosus Pohnpei Lorikeet 
Psittacida
e NT 22.4 0.88 5.7 
11.
8 18.5 23.2 26.5 
29.
7 350 5.2 0.09 
Trichoglossus rubritorquis Red-collared Lorikeet 
Psittacida
e LC 13.5 0.02 3.5 2.9 10.9 13.0 15.5 
54.
2 860000 25.7 0.56 
Trichoglossus weberi Flores Lorikeet 
Psittacida
e NT 19.3 0.45 3.9 
10.
3 16.5 18.9 21.7 
35.
5 13900 4.4 0.09 
Triclaria malachitacea Blue-bellied Parrot 
Psittacida
e NT 16.0 0.12 3.7 1.5 13.4 15.6 18.3 
29.
1 30300 55.0 0.88 
Vini australis Blue-crowned Lorikeet 
Psittacida
e LC 17.9 0.28 4.4 7.5 15.1 17.8 19.9 
30.
6 3700 8.8 0.14 
Vini kuhlii Rimatara Lorikeet 
Psittacida
e EN 15.2 0.08 2.0 
13.
7 14.4 15.2 15.9 
16.
6 510 8.5 0.13 
Vini peruviana Blue Lorikeet 
Psittacida
e VU 21.5 0.75 6.1 
10.
5 17.3 20.4 24.5 
38.
0 1700 2.0 0.06 
Vini stepheni Henderson Lorikeet 
Psittacida
e VU 15.7 0.11 NA 
15.
7 15.7 15.7 15.7 
15.
7 41 71.2 0.95 
Vini ultramarina Ultramarine Lorikeet 
Psittacida
e EN 20.2 0.61 2.3 
17.
6 18.7 19.1 22.2 
23.
3 160 0.0 0.00 
Zanda baudinii Long-billed Black-cockatoo 
Cacatuida
e EN 19.2 0.42 4.2 4.5 16.4 18.8 21.5 
48.
9 6000 18.5 0.42 
Zanda funerea Yellow-tailed Black-cockatoo 
Cacatuida
e LC 20.0 0.58 5.9 1.5 16.3 19.1 22.4 
80.
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Zanda latirostris Short-billed Black-cockatoo 
Cacatuida
e EN 17.7 0.26 4.4 2.0 14.5 17.8 20.8 
30.
2 32100 14.4 0.28 
 
